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INTRODUCTION 


The cyclamen mite (Tarsonemus pallidus Banks) has for some time 
been known as a greenhouse pest. For an arthropod so commonly and 
widely known to the florists of this country, comparatively little con- 
cerning its life economy is recorded. Serious outbreaks have occurred 
at irregular intervals, and more or less damage is done nearly every 
year. 

During the past season the cyclamen plants in a greenhouse at Cor- 
vallis, Oreg., appeared badly infested with some pest. Upon examina- 
tion of the foliage, especially the young developing leaves from the 
corms, they were found to be infested with a mite which was determined 
as Tarsonemus pallidus Banks by Dr. Nathan Banks, of Cambridge, 
Mass. ‘This mite is without question a very serious floral pest, being 
widely distributed over the United States. The writer having often 
made an examination of specimens from various parts of the country 
and of cyclamen stock in a number of floral concerns in the Northwest, 
decided that, as scarcely anything other than the original description has 
been published, it appeared appropriate to bring together at this time, 
as far as possible, the recorded facts concerning the pest. 


HISTORY OF THE SPECIES 


~ 


The adults were described by Banks in 1899(1)' from specimens sent 
him by Mr. F. A. Sirrine, of the Jamaica branch of the New York Agri- 
cultural Experiment Station. He reported it as occurring on chrysan- 
themums in a greenhouse. 





1 Reference is made by number to “ Literature cited,”’ p. 389-390. 
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In 1913 Britton (5) published a short note stating that, while inspect- 
ing nursery stock at a florist’s in Bridgeport, Conn., the species was 
found on chrysanthemums which had dropped and on which the petals 
had withered and died. Ina large flower, though freshly cut, dead and 
brown petals were found scattered through the blossom, which at once 
indicated that something was wrong, and investigations proved that the 
cyclamen mite was responsible for the damage. 

In 1915 Britton and others (6) published a short account of some 
experiments in controlling T. pallidus, which had injured snapdragon 
plants in greenhouses in Connecticut, and recorded it as being found on 
cyclamen stock. Nothing concrening the life habits of this pest is 
mentioned and nothing concerning its control on cyclamen stock, appar- 
ently its principal host, is recorded. 

Banks (4) records this species as being injurious to greenhouse plants 
in this country. In 1915 Weiss (12) records this species as occurring 
on chrysanthemums in New Jersey. 

The writer’s attention was first called to the cyclamen mite in the 
early fall of 1916 at Corvallis, Oreg. The superintendent of the experi- 
ment station greenhouses reported trouble to his cyclamen stock, and 
upon an examination they were found to be badly infested by this mite. 

Specimens were received on December 18, 1916, from florists in Des 
Moines, Iowa, who have been more or less troubled with the cyclamen 
mite for the past few years. However, in 1916 they had found it more 
troublesome than ever before and lost a large number of plants by its 
ravages. Other specimens were received from Illinois growers who 
raise large quantities of plants annually, some as high as 100,000 plants 
during the year, and several recorded the fact that they had been espe- 
cially afflicted with the cyclamen pest during the fall of 1916. In each 
instance specimens of infested plants were obtained by the writer from 
the different concerns, in order to be certain that the growers did not 
have the cyclamen mite confused with the greenhouse thrips. Numer- 
ous reports have been received also from Wisconsin, Pennsylvania, and 
Michigan. A large grower of cyclamen in Detroit sent specimens and 
wrote as follows: 

We have one large house of cyclamen which has been attacked and practically 
ruined by this pest. 

A number of examinations were made of cyclamen stock in greenhouses 
in the Northwest (in Washington and Oregon). The mite was quite 
prevalent, and in several cases the growers lost their entire stock of 
cyclamen the past season (1916). The data on hand show that growers 
in 1916 have each lost from 200 to 2,000 plants owing to this mite, and 
no doubt this estimate is low. Cyclamen plants in bloom bring from 75 
cents to $1 per plant during the holidays, and when we consider that it 
takes over a year to grow the plants, the loss to growers is considerable. 
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DISTRIBUTION OF THE MITE 


From the foregoing it will be seen that this mite has quite a wide range, 
being found as far east as Connecticut and as far west as Washington and 
Oregon. It probably occurs throughout the United States wherever 
cyclamen stock is grown. The known distribution is shown on the map 
(fig. 1). 

Dr. L. O. Howard kindly forwarded data on host plants and distribution 
and placed at the disposal of the writer slides from the Bureau of Ento- 
mology at Washington, D.C. Dr. W. E. Britton sent for examination 
and study slides which were collected at various greenhouses in Connecti- 
cut in 1914 and 1915. Prof. H. A. Gossard, of Ohio, Prof. G. Herrick and 

















Fic. 1.—Map of the United States, showing distribution of Tarsonemus pallidus Banks, the cyclamen 
mite. (Original.) 

Prof. C. R. Crosby, of New York, and Dr. Philip Garman, of Maryland, 
have forwarded data on distribution and reported this mite as occurring 
in greenhouses in those States. Mr. William A. Ross, of Vineland 
Station, Ontario, Canada, has reported it as a serious pest to cyclamen 
in the Province of Ontario. Numerous growers throughout the United 
States have at various times forwarded specimens and suggestions. 


CORRECT NAME OF THE SPECIES 


From a careful consideration of data in the writer’s possession he is led 
to believe that the species in question is properly named ‘‘ Tarsonemus 
pallidus Banks.” After examining what the writer thought to be cotypes 
of the Bureau of Entomology, Washington, D. C., the material col- 
lected from this locality and other parts of the country agree with the 
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slides from Washington. These slides bear the corresponding data which 
follow the original description. The original description, however, states 
that T. pallidus possesses two claws on the posterior leg of the male, 
where in reality the material obtained from the National Museum shows 
but one claw, and corresponds with the material in the writer’s possession 
from various parts of the United States. 

The matter has been taken up with specialists, and Dr. Banks has pro- 
nounced it his T. pallidus after comparing material. Later the matter 
was taken up with Dr. H. E. Ewing, who has very generously contrib- 
uted to the placement of the species, and has come to the conclusion that 
apparently the species is T. pallidus Banks. T. pallidus closely resem- 
bles T. approximatus Banks and also T. assimilis Banks (3). The im- 

portant characteristics from a 
systematic standpoint, so far as 
the male is concerned, are those 
of the posterior pair of legs (fig. 
2, €). 


SYSTEMATIC RELATIONSHIP 


The species of mite here fig- 
ured is a member of the family 
of mites known as Tarsone- 
midae, a small family of much 
biologicalimportance. Accord- 
ing to Banks (4), they are soft- 
bodied mites, and in some ways 
resemble the Tyroglyphidae, but 
the females differ from them, 
as well a from all other Acar- 

Fic. 2.—Tarsonemus pallidus: A, long tactile bristle and ina, in having between legs I 

le aati betes the fst and swndle@B- and [Ta prominent clavate organ 

of uncertain use. They are very 

small mites, and the males and females vary greatly in appearance, and 
might easily be taken for entirely different species. 

The family contains two subfamilies, Pediculoidinae and Tarsoneminae. 
The subfamily Tarsoneminae includes but two genera, the species differ- 
ing from those of the other subfamily in that the hind legs of the female 
end in long hairs and the hind legs of the male are about as long as the 
third pair. The two genera Scutacarus and Tarsonemus are represented 
by a considerable number of species. Many of the species of Tarsone- 
nius are of distinct economic importance. The genus Chironemus was 
erected by Canestrini and Fanzago (7) for some soft-bodied mites found 
in colonies on leaves after the manner of Tetranychus. The name being 
preoccupied, the authors changed it the following year to Tarsonemus. 
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NOTES ON SOME OTHER ECONOMIC FORMS 


In the past it has been suspected that mites of the genus Tarsonemus 
are a frequent cause in promoting diseases in plants. It seems likely 
that many of the diseases to which hothouse plants are subject are due 
to these mites. The species are so small and so difficult to investigate 
that very little attention has been paid to them. There are probably 
many species, but very few have been described, and about these little 
is known. 

T. floricolus Canestrini and Fanzago (7) has been found on the leaves 
of a large variety of plants; T. spirijex Marchal (8) has been reported 
on diseased oat plants; T. chironiae Warburton (11) is mentioned as 
attacking ferns in England; T. tepidariorwm Warburton (11) as attacking 
a greenhouse plant, Chironia exigera, in England; T. ananas Tryon (10) 
is reported as a forerunner of a disease of pineapples known as ‘‘fruitlet 
corerot” in Queensland; 7. culmicolus Reuter (9) causes diseases of 
grasses in Finland, Russia; and T. wattet Banks (12) is reported to be of 
economic importance through its destruction of terminal peach buds. 


SPREAD OF THE SPECIES 


The spread of the cyclamen mite is no doubt effected by the ship- 
ment of seedlings and specimen plants from one place to another. Plants 
are shipped by growers either as seedlings packed 5 or 10 in a package, 
with the roots surrounded by moist sphagnum moss, or as specimen 
or blooming plants shipped in paper pots packed in crates. Plants so 
packed will travel 7 to 10 days without injury. It often happens that 
a florist’s stock of plants are killed for some reason by fungus or other 
trouble, or that he is tardy in sowing his seed soon enough to secure 
plants for the holiday trade, and he is therefore forced to purchase seed- 
lings or mature plants from some extensive grower. If a wholesale 
florist is troubled with this mite, he can readily transmit the pest to 
other localities, either on the plants or in the soil in which they are 
set, when shipping plants to other florists. Sometimes the plants are 
not badly infested on leaving the wholesale grower, and no signs of 
injury are noticed; but a short time after they reach their destination 
they may become seriously infested, as under favorable conditions the 
mites multiply very rapidly. 

HOST PLANTS 


T. pallidus does not occur on a great variety of host plants, having 
apparently thus far confined itself to a few species only. From data on 
hand it would seem that the mites have a preference for cyclamen, 
especially the young tender growth of the plants. Next to cyclamen, 
the mite no doubt prefers the chrysanthemum, and it has also been 
reported on the snapdragon (Antirrhinum spp.) in Connecticut and 
Maryland. Where old cyclamen corms are preserved in the greenhouse, 
one may find specimens about the corms throughout most of the year. 
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CHARACTER OF THE INJURY 


The work of the mites resembles a gall on the older leaves as well as on 
the young, developing leaves. They do not generally attack the older 
leaves, but work mostly on the young leaves just unfolding (Pl. 52, D). 
The injury noticed on the older leaves is usually done while the leaves 
are small (Pl. 52, C, D). 

The mites apparently habitually shun the light and consequently pene- 
trate to the innermost recesses accessible, in accord with the antipathy 
that this act evinces, especially when suddenly exposed. On the plant 
they commonly resort to the depressions. The color of the mites is such 
as to render their detection a matter of more than ordinary difficulty. 

With their styliform mandibles they probe the tissues, in order, ap- 
parently, to imbibe the juices found there. This action on their 
part results ordinarily in the appearance of minute brown specks, a 
sort of russeting. Such marks are often discernible on the inner walls 
of the curled leaves. The mites suck up the liquid contents of the 
tissues, leaving the injured parts shriveled. Owing to this injury (PI. 
52, A, B) and the continued growth about the damaged parts, the leaves 
are so distorted (Pl. 51, A) as to give the plant a very dwarfed and 
shriveled appearance. Often the leaves become very much thickened 
at the points immediately surrounding the injured parts. 

The writer found that the buds, both leaf and flower, are ordinarily 
badly infested. The most noticeable effect from the attacks of this mite 
is the distortion of the leaves (Pl. 52, A), which stunts the plants, and the 
discloration of the flowers (Pl. 52, A, B). Flowers which should have 
been a soft pink or red come blotched and streaked, and ultimately the 
blooms wilt and die prematurely. This injury to the flower parts is, of 
course, mainly noticeable when the flowers are in bloom. Most of the 
injury is accomplished, however, in the flower-bud stage (Pl. 52, C). 
The mite in all stages of development occurs between the calyx and 
corolla, within the corolla and on the stamens and ovary. When the 
infestation on plants is severe, as was the case in most greenhouses 
visited the past season, the plants appear ultimately so badly curled 
and distorted as to be unsalable, and they do not bloom normally (PL 
51, A). 

DESCRIPTION OF TARSONEMUS PALLIDUS 


THE EGG 


The egg (PI. 52, E), while very small, is large, considering the size of 
the adult. It is elliptical and white in color and possesses a pearly 
appearance, resembling a minute slug egg. It measures from 128 to 
130 win length and 65 to 71 win diameter. The surface of the chorion is 
apparently without any markings whatever, no constrictions occurring. 
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It does not change in color in development as some mite eggs do, and the 
resultant larva is pure white in color. The egg has a rather delicate 
shell, and numerous shells may be found collapsed among the masses of 
unhatched eggs and mites. 

THE LARVA 


The female larva (fig. 3) is of a pale-white color, becoming, as it ma- 

tures, a light yellowish white. The female has only three pairs of legs. 
When the larva has just emerged from the egg and has stretched itself 
out, it is a little less than o.2 mm. in length. Soft, wrinkled, elastic 
skin occurs on the dorsal side, between the head and the first two dorsal 
shields and also between the two front and three posterior dorsal shields. 
The head is rounded off and carries two 
short lateral bristles. The first dorsal 
shield is nearly three-cornered, and is 
provided with two pairs of bristles, the 
longer pair serving as touch bristles. 
The second dorsal shield is square, and 
shows on each side a short bristle which 
stands out horizontally. The third dor- 
sal shield is nearly round and has in the 
center a pair of fairly long bristles. This 
third dorsal shield is grown together 
with the fourth, which carries a row of 
four short bristles arranged horizontally. 
The last, or fifth, dorsal shield is pro- 
vided with four long bristles and covers 
the end of the abdomen so that it is also 
visible on the ventral side. 

The ventral surface (fig. 3) shows the 
head, the neck, and the four epimera 
which have grown together into a shield. 

A very large part of the ventral side is 

soft, wrinkled, and elastic. Both of the src. ;.—Tarsonemus pallidus: Ventral 
epimera of the third pair of legs are three view of female larva. Much enlarged. 

7 ‘ (Original.) 

times as long as wide and longer than the 

other free leg parts together. The point of the abdomen is, as has 
already been noted above, covered by a thimble-shaped shield, which is 
carried at the very tip and alongside the four long bristles. 

All six of the legs are very short; each is composed of five free parts. 
The sole of the first pair of legs consists of a suction cup and one small 
claw, which appears cleft; the soles of the last three pairs of legs consist 
of a suction cup and two small claws. The claws are used on rough 
surfaces, while the suction cups serve as excellent adhering organs on 
smooth surfaces. Such a sole with its claw is shown enlarged in figure 
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2, B. The measurements of the larve average 214 uw in length and 85 yu 
in width. 

The male larva is practically the same in form, except it is a little 
smaller, and one can hardly detect it as being a male until one sees the 
developments occurring in the quiescent stage. It is, however, a little 
more stocky; the back shields compare favorably; the posterior epimera 

are a little more enlarged; and there 
is not so much elastic skin present. 


QUIESCENT STAGE 


No nymphal stage was found in 
this species and instead of a nymph 
originating from a larva, as is the 
case in the life history of most 
mites, the larva transforms to a 
quiescent stage (fig. 4), which later 
gives rise to the adult form. The 
quiescent stage consists of the en- 
gorged larva, which in this stage 
is perfectly motionless and clumsy- 
looking. It is white in color, the 
same as the larva, and is somewhat 
hyalin. The writer has examined 
a large number of the quiescent 
forms alive and mounted in glyc- 
erin, and when so mounted the de- 
veloping changes are plainly seen 
under the microscope. The addi- 
tion of a fourth pair of legs and the 
clavate organs which the adult will 

Fic. 4.—Tarsonemus pallidus: Female quiescent possess is shown within the mem- 
larval stage with development. Much enlarged. brane. The quiescent period is no 
(Original.) ‘ 

doubt a period devoted to the for- 
mation of new parts, and to various physiological processes prepara- 
tory to molting. In molting, the body moves back and forth within the 
old skin until it splits transversely along the cephalothoracic abdominal 
groove; then the cephalic end of the mite is slowly protruded from the 
old skin. In this form the wrinkled and elastic condition is not present, 
as with the engorgement of the immature larva the plates or folds in the 
larva are forced out. Measurements on a number of female quiescent 
forms give an average length of 242 » and a width of 128 yp. 


THE ADULT FEMALE 


The adult female (fig. 5) has a large and broad body; the venter has 
one transverse line near the separation of cephalothorax and abdomen. 
The general appearance is almost hyalin,and the integument is somewhat 
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chitinized and of a brownish color. The capitulum is quite prominent, 
extending to nearly the middle of the first segment in the forelegs. It 
possesses a pair of hook-shaped upper jaws which together form a pair 
of pincers. ‘Two short bristles are placed laterally. 

The cephalothorax is as broad as long. The epimera of the first pair 

of legs are united to a median piece, or the epimera meet at an angle at 
the middle line and then form a narrow longitudinal keel that extends 
to the end of the cephalothorax. The epimera of the second pair of 
legs are united similarly as those of the first epimera. The ends of this 
median longitudinal sternum, ; 
or keel, curve outward to the \\ }) 
sides of the body and form the 
boundary of the cephalothorax. 
The cephalothorax possesses 
twolong touch bristles(fig. 2, A) 
which arise dorsally about the 
point between the first and 
second pair of legs. In front 
of the long touch bristles the 
female possesses, between the 
first and second pair of legs and 
under the back shield, a pair 
of club-shaped hairs or organs 
which are planted in small 
shallow cups. The object of 
these organsis unknown. Per- 
haps they are balancing organs 
or auditory organs, or possibly 
both at the same time. 

The abdomen is longer and 
broader than the cephalotho- 
rax,and has three short bristles Fic. s.—Tarsonemus pallidus: Adultfemale. Much enlarged. 
on each side and a pair near ow 
tip of body. The legs of the anterior group are subequal. ‘The legs are 
short but rather slender, with few hairs. ‘Tarsus I has a subbasal clavate 
hair, with a long hair near by, a pair near the tip above, and a clavate 
hair just before them. The third pair of legs are more slender than the 
forelegs; the segments have grown together, the third segment being real 
long. On the fourth pair of legs only three parts were distinguished, the 
parts being grown together more or less. It is noteworthy that on the 
sole of the leg I only one claw (fig. 2, B) is seen, and on leg II and III 
two small claws, while leg IV terminates in two appendages, one of which 
is acicular, the other twice the length of this, a long curved hair that 
gradually becomes exceedingly fine. 
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The whole dorsal surface of the female shows the head and a number 
of shields which possess hairs. The shields are so grown together that 
they are hardly visible in glycerin and overlap each other. On the 
ventral side one does not see any trace of a skin; it has totally hard- 
ened. The female measures 240 to 260 » in length and 130 to 140 in 
width. 

THE ADULT MALE 


The general appearance of the adult male (fig. 6) is more hyalin, and 
the body is more angular oval than that of the female. The capitulum 
is moderately large, tending down- 
XY) \ ee ward, rounded in front, with one 
pair of quite long frontal bristles. 

= \ 


\ 
24) (mM) KZ The capitulum and sexual organs, 
\ \) ay (} Viz that terminate the body in front and 
4. LxK\ behind, respectively, are almost 
+ é identical in form and size, being 
WN ) ovate and sightly excavated at the 

base and terminally rounded. 
The cephalothorax is as broad as 
long. The epimera of the first pair 
N\ /) of legs are united at the ries 
line, the same being true of the 
Bp ae rpc rt epimera of the second pair. The 
A PmaW\\ i median line touches the two trans- 
fy | verse lines, which no doubt termi- 
¢ x natethecephalothorax. Thedorsal 
part of the cephalothorax is pro- 
re vided with two pairs of bristles, one 
pair, exceedingly long, called the 

“tactile bristles.” 

Fic. 6.—Tarsonemus pallidus: Adult male. Much = Theabdomenislargerand broader 
ae See than the cephalothorax. The an- 
terior group of legs are subequal and sparsely clothed with moderately 
long bristles. The first pair terminates in a single claw, while the second 
and third pair are two-clawed. The anterior group of legs are provided 
with a clavate hair on the first segment. The third pair of legs are similar 
but slightly longer than the second pair, and are devoid of the clavate 
hair. The fourth pair of legs is very stout, twice the thickness of the 
third pair. The first joint is broader than long; the second is rather 
more than twice as long as broad, and is furnished on the inner face 
with a broad curved expansion and with a stout terminally inclined 
tactile bristle and a lateral hair near the middle. The next joint pos- 
sesses inwardly two divergent spines which are short; laterally and term- 


inally inclined is a long touch bristle which grows finer toward the end. 
It also possesses a short clavate hair which stands rather upward and is 
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easily removed. The leg terminates in a single stout slightly curved 
gradually pointed claw. The epimera of the third pair conjoint those 
of the fourth pair internally, and the four together are considerably and 
equally advanced in front. The male measures 180 to 185 win length and 
95 to 100 w in width. 


LIFE HISTORY OF THE CYCLAMEN MITE 
OVIPOSITION 


A single egg is deposited at one time, the egg being so large as to take 
up at least one-half of the female’s body. The eggs are laid in masses 
in moist, dark places provided by the curling and distortion of the leaves 
of the cyclamen plant. This may occur by the curling over of the edge, . 
or the basal lobes of the leaves may curl. The eggs are placed here and 
there in the folds so provided and have no set position. They were 
never found exposed on the plant, as they are very sensitive to the sun’s 
rays and soon shrivel. Moisture is always present where they are found. 
When the egg hatches the shell collapses completely. 

The length of the egg stage no doubt will vary and depends mainly 
upon the temperature. From the 10 eggs observed the average proved 
to be about 11 days. The laboratory where the experiments were carried 
on had a daily temperature of about 70°, corresponding quite fav- 
orably with the greenhouses where the cyclamen plants ‘were kept. 
Egg deposition goes on over a long period of time, eggs being found from 
the early part of November until the last of March, and no doubt the 
eggs may be found over a longer period, indicating that a large number 
of generations may be produced. (See Table I.) 


TaBLE I.—The length of the egg stadium of the cyclamen mite 





| Date of ovi- Date of Length of 
| position. hatching. | egg stage. 





Days. 








LARVAL HABITS 


When ready to hatch, the larva ruptures the eggshell at the cephalic 
extremity and being curled up within the egg soon commences to stretch 
itself out. Upon hatching nothing but the chorion is left; remains of the 
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hatched eggs are noticed in numbers scattered here and there over the 
curled inside portions of the leaves.. The young larva does not feed 
immediately, but after an hour or so becomes active and crawls here and 
there about the leaf in the neighborhood of the eggs. As the larva feeds, 
the elastic or wrinkled skin slowly expands or is stretched out. Molting 
only when transforming to the adult, it is provided with many of these 
plaits for subsequent expansion. The expansion occurs in the abdominal 
region principally and to a lesser extent in the posterior part of the 
cephalothorax. After all the leaflike wrinkled skin is expanded and the 
larva becomes sufficiently engorged, it assumes the quiescent stage. 
The larva is very active and may be seen traveling here and there about 
the masses of eggs and eggshells. It is surprising how much the larva 
is capable of expanding without molting its skin. 

The larval period, like the egg stage, varies considerably in length, 
depending on various circumstances, but the average of 10 larve taken 
for the active stage is about seven days—that is, from the time the 
larva emerges until it enters the quiescent stage. The larve may be 
found from November until the last of March. The active stage of the 
larva is considerably longer than that of the quiescent stage. (See 
Table IT.) 


TABLE II.—Life-history notes on the larval stadium of the cyclamen mite 











Emerged. 


Quiescent. 


Molted. 
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TABLE II.—Life-history notes on the larval stadium of the cyclamen mite—Continued 





Larva. 








Emerged. 





Quiescent. 


~ 














QUIESCENT STAGE 


Among the numerous eggs, eggshells, and larve as the generations 
proceed, one may find numerous resting, or quiescent, forms. When 
the larve become sufficiently engorged, they become motionless. In the 
generations where the adults are present the writer has observed males 
carrying along behind them, clasped by the grasping posterior legs and 
supported on the apex of the abdomen, the 6-legged, whitish, smooth, 
immobile body of one of these quiescent forms whose long axis is placed 
at right angles to its own. Warburton (11) observed this same phe- 
nomenon for a similar species studied in England. Occasionally one 
may observe a male attack another male carrying such a burden and 
obviously try to wrest it from it. No experiments were carried on at 
this point to see whether actual fertilization took place before the female 
reached maturity, as is the case with some mites in other groups. The 
carrying and dragging of the inert females by the males were observed 
frequently. 

In the quiescent stage, development is going on, and the resultant 
will be either a male or a female. On January 30, 1917, the writer 
found many quiescent forms on the cyclamen plants. In no case did 
the writer find a quiescent form with eight legs; it always possessed six. 
The quiescent stage always gave rise to one of the 8-legged forms, the 
females predominating. 

The writer has mounted a large series of individuals of the quiescent 
stage to study internal changes. The development of a fourth pair of 
legs in each case examined showed whether it was to be a male or female. 
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In the female quiescent stage the clavate organs between the first and 
second pair of legs were plainly seen. 

After a few days, during which there are the various internal changes, 
the molting process begins. The body moves in a series of twists and 
turns, when suddenly the old skin splits traversely along the cephalo- 
thoracic abdominal groove, and finally the adult mite emerges. 

The length of the quiescent, or resting, stage varies somewhat, but 
the average of 10 specimens taken from the active larve through to 
molting was 31% days. This would give the average for the entire length 
of the larval stage approximately 10 to 11 days. 


HABITS OF THE ADULTS 


The adults may be found at any time on the plants from November 
until late spring and no doubt may be found in the greenhouse all the 
year round. The males are comparatively short-lived, the females 
living longer. During the middle of January, 1917, more males were 
to be found than at any other time. The females seem more abundant 
during the fall and winter, when most of the damage to the plants occurs. 
It is almost impossible to get a clue to the number of generations by 
making observations in the greenhouse, since they overlap so com- 
pletely. After the first generation, if the mites are at all abundant, 
eggs, larve, and adults no doubt may be found in the greenhouse 
simultaneously throughout the remainder of the year. During a portion 
of the year it is thought the mites become less numerous until there is 
no evidence of their presence when their food plants are not present; 
possibly the females semihibernate. 

From the data at hand it is apparently true that the mites appear in 
early June in the greenhouse on the young plants from seed of the previous 
August, and produce generation after generation on the plants until the 
last of March, and no doubt longer the succeeding year. The mites then 
gradually become less abundant, again to appear later in the summer, 
being held over apparently by the semihibernating females in the soil 
scattered in the greenhouse. 

This has been demonstrated somewhat on plants in the laboratory. 
The foliage was cut from the corms completely and allowed to dry out 
a little so that no growth was to be seen on the corms. These plants 
were left in this condition for several months and then watered thor- 
oughly, and the foliage was allowed to grow. On previous observation 
only females could be found about the corms and in the soil before the 
foliage started. In a very short while the foliage was seen to be curling, 
and numerous adult mites were present. 


REARING METHODS . 


Several sorts of rearing cages were tried in the work, but it was found 
that the use of but one gave the best results. The potted cyclamen 
plants were kept at first next to the window in the laboratory where 
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the light was bright, using the young tender foliage, the older leaves 
being stripped from the corms. The petiole of each leaf was surrounded 
with vaseline to confine the mites to the leaves. The mites are negative- 
phototactic, always endeavoring to get away from the light. They 
curled the tender young leaves in striving to seek crevices, and some 
even dropped to the soil and, hence, would not propagate successfully 
in the lighted places. Where crevices were cut in the leaf, only the 
covered eggs embedded in the crevice hatched, the uppermost eggs 
shriveling and dying. The eggs being so embedded in the crevice or 
in the curled leaves made it impossible to get data desired on the various 
stages. It was therefore thought that, since the mites were negative- 
phototactic, it would help if the individual plants were covered with 
battery jars surrounded with black paper. This proved quite satis- 
factory to establish the mites on the leaves, which were of medium 
size, and to study the habits of the species as the eggs in many cases 
were deposited on the surface exposed under the dark jar, and the in- 
cubation and habits of the succeeding stages could be studied. This 
also confined the moisture, but the darkening of the plant might, in cases 
where the plant is not sufficiently vigorous to withstand the period 
necessary to run a generation through, so diminish the chlorophyll in 
time as to cause the plant to die. It is necessary, therefore, that the 
plant be uncovered at intervals to prevent such an occurrence. 


REMEDIAL CONSIDERATIONS 


As most of the species of mites no doubt have an extremely primitive 
respiratory system, it is often difficult to control them satisfactorily by 
fumigation with various gases; hence sprays must be resorted to as a 
control measure. After the older cyclamen plants become badly 
infested there is not much hope of saving them, as the mites are usually 
concealed under the calyx and even to the inner flower parts of the buds 
so that it is quite impossible to reach them. When the older plants, par- 
ticularly cyclamen, have become badly infested it usually will be advis- 
able to burn them and sterilize the soil, but the grower should avoid get- 
ting his plants in this condition by exercising preventive measures when 
the plants are young. 

Dusting the plants with sulphur dust or tobacco dust when the plants 
are heavily infested is of very little avail. Dipping the plants in an oil 
emulsion called Yel-ros, which contains a good deal of xylol, a very pene- 
trating oil, helped some, and no doubt will free the later blooming plants 
for Easter. This was demonstrated on some of the infested plants in the 
Experiment Station greenhouses. This oil emulsion was tried out in the 
greenhouse at the rate of 1 to 40, with the result that very little burning 
resulted, and no doubt it may be used weaker. A number of plants 
which were retained came out in good shape. The Yel-ros is too severe 
a spray for the young plants, however, as a considerable amount of burn- 
ing resulted. 

100304—17——2 
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As heat is very penetrating, it occurred to the writer that possibly it 
could be used against this mite, but it was found that the plants could not 
be subjected to sufficient heat to kill the mites. 

Finally, the volatile liquid-nicotine extracts and the nonvolatile or 
staple extracts, as “Black Leaf 40,’’ may be used on cyclamen against 
this pest. “Black Leaf 40” has been used in Connecticut with safety on 
snapdragon plants, with the result that the new growth came out clean 
and uninfested. Fir-tree oil was also used with some success on snap- 
dragons. However, no experiments were carried on with the use of “Black 
Leaf 40”’ or the volatile nicotine extracts against the mites on cyclamen 
plants. In the experiments carried on in several of the greenhouses in the 
vicinity of Corvallis, Oreg., neither the volatile extracts nor the non- 
volatile nicotine extracts, such as “Black Leaf 40,” with the addition of a 
small quantity of soap injured the young plants or the older plants when 
used at the rate of 1 to 1,000, or a teaspoonful to a gallon of water. 

The staple nicotine extracts and the volatile nicotine extracts are prac- 
tically identical, so far as killing properties are concerned. The non- 
volatile extracts are, however, much cheaper, and wherever it is safe to 
use this form should, be employed with the addition of a small quantity 
of soap. The soap assists in preventing the formation of small drops, 
which tend to roll off without penetrating to and thoroughly wetting 
the mites, causing the spray to cover surfaces more in the form of a thin 
film, also giving better penetration and sticking properties. 

The volatile nicotine extracts, however, are preferred by most florists, 
in that they may be used for fumigating purposes and are preferred for 
those strains and varieties which might be injured by the use of the 
staple nicotine extracts which contain sulphate. “Black Leaf 40” has 
been used on chrysanthemums, snapdragons, and cyclamen plants with 
safety at the rate of 1 to 1,000, with the addition of a small quantity of 
soap, either 3 or 4 pounds to 100 gallons of the solution. 

The florist should not wait until his plants are fairly grown before 
making an application of spray, but should start when the plants are 
quite young. Cyclamen seeds are usually sown in flats in rows 14 inches 
apart about the middle of August, with other sowings made until Jan- 
uary, depending on when the flowering plants are desired. In about 8 
or 10 weeks after they are sown, the plants will be ready to be transplanted 
into other flats or into 24-inch pots, asthecasemaybe. ‘They will not be 
more than 1 inch to 1% inches high (Pl. 51, B); this is the time when the 
first spraying should be made. From then on the plants should be 
sprayed with the “Black Leaf 40” or some of the volatile extracts at the 
rate of a teaspoonful to a gallon of water, with the addition of a small 
quantity of soap, every 10 days until the flower buds are well developed 
and begin to show color. Do not spray after this, as the solution has a 
tendency to discolor the flowers, and the plants are then far enough along 
that the mite can do no damage. 
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In transplanting into the flats do not crowd the plants too much, as it 
is difficult to get the spray on the developing young leaves, and it is the 
young growth that should be protected. A good spraying apparatus for 
this purpose is a compressed-air hand outfit which will give sufficient 
force. 

Some growers have recommended the use of pyrethrum by blowing the 
powder into the base of the plants with a small blower. The man using 
the powder should cover his mouth and nostrils with a piece of damp 
sponge to prevent any unpleasant consequences. The writer has not 
tried this method out, and can not speak for or against the method. 

The mites usually attack cyclamen first during the dry weather. Poor 
cultivation, insufficient ventilation, and moisture encourage mite attack. 
Cyclamen particularly need a great deal of attention and care for their 
proper development. Nevertheless, the mites will attack vigorous 
plants, and a preventive measure should be employed. 
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PLATE s5t 


A.—(Left to right.) A healthy, a somewhat infested, and a badly infested cyclamen 
plant with the characteristic distortion, dwarfing, and curling of the foliage. 

B.—Flats in a greenhouse containing young cyclamen plants just transferred from 
seeds flats into small pots, showing the proper size at the time of the first spraying. 
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PLATE 52 


A.—Cyclamen leaves showing the distortion to the leaves due to the attacks of the 
cyclamen mite. 

B.—Cyclamen flowers showing the streaked parts due to attacks of the mites. 
This injury is usually accomplished in the young bud stage. 

C.—A large cyclamen leaf, showing the curling and galling effect due to the mites, 
and young flower buds into the innermost parts of which the mites enter, resulting in 


the streaked flowers shown in figure B. 

D.—Young cyclamen leaves with the peculiar curling due to attacks of the mites, 
together with an older leaf with a slight curling at the lobes caused by mite attacks 
while the leaf was young. 

E.—A group of eggs of the cyclamen mite. Much enlarged. Original. 











RELATION OF MOVEMENT OF WATER IN A SOIL TO 
ITS HYGROSCOPICITY AND INITIAL MOISTNESS' 


By FREDERICK J. Away, Chief of Division of Soils, and Guy R. McDOL#, Assistant 
in Soils, Agricultural Experiment Station of the University of Minnesota 


INTRODUCTION 


The rate and distance of the capillary rise of water in soils have been 
determined in many laboratory investigations; but where the ground 
water is at a considerable distance below the surface, as is generally 
the case, these factors appear to be of little practical importance (2, 
p. 67).2 In contrast with the capillary rise, the downward penetration 
of definite amounts of water has received very little attention. In the 
experiments on both subjects the soils have usually been employed in 
an air-dry state, a condition not met with in nature at depths below 
the surface few inches, as plant roots are not able to reduce the soil 
moisture to any such low point. In none of the experiments has the 
relative hygroscopicity of the soils been considered. 

In the studies reported below we have considered both the hygro- 
scopicity of the soils as expressed by their hygroscopic coefficients and 
their initial moistness. Most of them were employed in three moisture 
conditions—viz, with amounts of water equal to 0.5, 1, and 1.5 times 
the hygroscopic coefficient. 

In the case of all our soils we have determined the moisture equivalents 
also, and in the discussion considered the relation of the movement of 
water in a soil to this value as well as to the hygroscopic coefficient. 
However, we give chief prominence to the latter, for the reason that the 
experiments were planned on the basis of the hygroscopic coefficients, 
the moisture equivalents being first determined only some time after the 
experiments had been completed, and for the additional reason that in 
our field studies only the hygroscopic coefficients had been determined. 
As the two values for any soil have been shown to bear a more or less 
definite relation to one another (6, p. 65; 3, p. 842), it is largely a matter 
of personal preference as to which is used as a single valued expression 
of soil texture. 

Our viewpoint has been not that of the irrigationist nor that of the 
humid-land farmer with sharply rolling or sloping fields or an impervious 
soil causing losses through run-off, but that of the dry-land farmer whose 
crop returns depend chiefly upon the amount and the distribution of the 
precipitation. Our interest has lain not in the rate at which water can 





1 The work reported in this paper was carried out in 1912 and 1913 at the Nebraska Agricuitural Experi- 
ment Station, where the authors were, respectively, Chemist and Research Assistant in Chemistry. 
2 Reference is made by number to “ Literature cited,”’ p. 427-428. 
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be added to the surface without any run-off, but in the extent to which 
that from a light or moderate rain may be able to penetrate so deeply 
into the soil that it will later be exposed to only the minimum of loss 
through direct evaporation. 


HISTORICAL REVIEW 


Von Liebenberg (11, p. 31) and Atterberg (4, p. 113) appear to be the 
only investigators who have studied the downward movement in soils to 
which a definite depth of water had been applied and then allowed to 
penetrate as far as it would. Wollny (17, pp. 274, 288) carried out 
some experiments where the soils were contained in tubes covered with 
fine wire gauze and the water added drop by drop just as fast as it was 
absorbed, thus determining the rate of penetration when an unlimited 
amount of water is applied as rapidly as possible without actually losing 
any by run-off. In various experiments the rate of percolation has been 
studied, using a constant head of water, as 1 cm. in the work of Von 
Klenze (9, p. 113) and 4 cm. in that of Edler (7, p. 41). 

Von Liebenberg (11, p. 31), using 22 surface soils to illustrate a wide 
range in texture, placed these in glass tubes of a diameter of 1.5 cm., 
added 1 inch of water, recorded the penetration after periods of one- 
fourth, one-half, one and one-half, four hours, one, two, and three days, 
and finally determined the distribution of moisture at intervals of 5 cm. 
and at the lower limit of penetration. He reports the mechanical analy- 
sis, the hygroscopic moisture, and the loss on ignition. The hygroscopic 
coefficients can not be computed (6, p. 69) from his mechanical analysis, 
as he separated his soils into only the four fractions, sand above 1 mm., 
sand 1 to 0.5 mm., sand under 0.5 mm., and “‘fine earth,” without sub- 
dividing the last into silt and clay. In the case of the hygroscopic 
moisture the percentages he reports are clearly not those which would 
have been present had the soils all been in equilibrium with the atmos- 
phere at the same time; accordingly they do not permit the computation 
of the relative hygroscopicities (1, p. 351). Infact, at least part of them 
seem far drier than would be expected if they had been exposed for a 
few days to the atmosphere of a storeroom or laboratory; thus, two 
loess samples contained only 1.81 and 1.22 per cent, respectively, of 
hygroscopic moisture (11, p. 13). In all his experiments he used the 
soils in this dry condition. 

Our own experiments were in many respects very similar to those of 
Von Liebenberg, with whose work we were not acquainted until after 
we had completed our work. He, however, reports no data on the rela- 
tive hygroscopicity of the soils he used and employed these in only a 
very dry form. He concluded that the penetration is dependent upon 
the ‘‘fine earth,” it being less and taking place more slowly in soils with 
larger proportions of clay and organic matter. 

Atterberg (4, pp. 113-124) determined the rate and distance of pene- 
tration during 1 to 6 days of different amounts of water, equivalent to 
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from 0.25 to 12 cm. rain, using various soil separates. As may be seen 
from those of his data assembled in Table I, he did not find any direct 
relation of the rate and distance of penetration to the fineness of texture. 


TABLE I.—Rate of capillary movement of water in sands and silts of different diameters, 
as found by Atterberg 


DISTANCE OF PENETRATION WHEN 5 CM. OF WATER WERE ADDED TO THE SURFACE®4 





Period. “ao Coarse silt | Fine silt 


(0.05-0.02 | (0.02-0.01 


(0.10-0.05 mm.). mm. ). 


mm.). 








Cm. Cm. Cm. 
PR OIN OL C0 RINNE 5.600 nok res vie cavesa deus exeanmens 17.4 1g. 2 


17.2 
At end of 2 days 18.0 20. 5 18, ° 
18, 2 

5 


At end of 3 days . 21.7 
At end of 4 days 22.4 














RISE OF WATER WHEN TUBES FILLED WITH MATERIAL WERE BROUGHT INTO CONTACT 
WITH WATER? 





At end of 24 hours 53- a 48. 5 
At end of 2 days : 36. 92. 2 
At end of 3 days 60. ). 131.8 
At end of 4 days . 53- 153. 6 
At end of 5 days 5. 57. 168. 9 
At end of 18 days 96. i 200. 5 
At end of 30 days ’ 244. 7 











@ 4, Pp. 119-120. 


Many studiss of the rate and distance of the upward movement of water 
have been made, in nearly all cases air-dry materials being employed. 
Among the earliest work on the subject we may mention that of Trommer 
(16, p. 268), Von Liebenberg (11, p. 22), Von Klenze (9), Edler (7), and 
Wollny (17). 

Von Liebenberg used the same 22 soils and the same tubes as in the 
experiment mentioned above, making frequent observations of the rise 
during the first few hours and then daily for about 30 days, finally deter- 
mining the distribution of water at intervals of 15 cm. and in the upper- 
most layer of the moistened portion of the soil column. He concluded 
that the more ‘‘fine earth,”’ especially the more clay and organic matter, 
a soil contains, the higher is the final elevation attained, but the more 
slowly it takes place. The rise with the various soils in this experiment 
showed no definite relation to the penetration with the same soils in the 
other experiment. 

Von Klenze (9), using glass tubes of an inner diameter of 3.5 cm., ex- 
perimented with kaolin, peat, quartz, sand, marble dust, a loam, a sandy 
soil, a sand rich in organic matter and a calcareous sand, making frequent 
observations during the first 12 hours and after this daily for 9 or 10 days. 
He concluded that the rate of rise is affected most by the relative fineness 
of texture, it being slowest in the finest textured materials (9, p. 96-99). 
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Wollny (17) confirmed Von Klenze’s observations, concluding that the 
finer the texture of the soil, the slower is the capillary movement, but the 
greater the distance reached before movement ceases. 

Various later studies have in general confirmed Wollny’s conclusions 
as to the relation of the rate and distance of upward capillary movement 
to the texture of thesoil. (4, p.107; 10; 12, pP.94; 14, p.230; 15, p.136). 
Atterberg (4, p. 108) reports data on the upward movement of water 
in sands and silts in which he determined also the rate of downward 
movement (Table I). The data obtained indicate no direct relation 
between the rates and distances in the opposite directions. 

Grebe (8, p. 391), from a study of the moisture relations in a pine forest 
on a very sandy soil, concluded that— 
the elevation of ground-water does not make itself felt in sands and very fine sands 
beyond 1/3 meter and 1/2 meter, respectively.! 

The only clues he furnishes as to the hygroscopicity of the soils in 
question are in the statements that in April when they were most moist 
they retained only from 3.66 to 4.61 per cent of water at various depths 
from 5 to 300 cm. below the surface and that the samples of the sand 
contained 41 to 48 per cent of particles under 0.3 mm. and 49 to 54 
between 0.3 and 1.0 mm., while those of the fine sand contained 76 to 
81 and 8 to 12, respectively (8, p. 390). 

While the maximum final elevation of water is to be expected in the 
very fine textured soils, the rate is so slow that during an interval meas- 
ured in days or weeks, or even in months, soils of intermediate texture 
show the greatest rise. 

Data showing what relation the rate and final distance of rise bear to 
the actually determined hygroscopicity appear entirely wanting. 

Less attention has been devoted to the influence of the initial moisture 
content. Wollny studied the influence of differences in the initial mois- 
ture content, using a loam powder and a pulverized calcareous sand rich 
in organic matter, each in five different moisture conditions—viz, (I) 
dried at 100° C., (II) air-dry, (III) exposed for several weeks to a saturated 
atmosphere, (IV) and (V) mixed with small amounts of water (17, p. 275). 
The soils were tamped into the tubes as compactly as possible and obser- 
vations made for four or five days. In Table II we have assembled the 
portions of his data comparable with our own (reported in the experi- 
mental portion of this paper). Wollny concluded that the capillary move- 
ment in a soil increases with the moistness. To us his data do not ap- 
pear to justify such a broad generalization. The loam in condition II (air- 
dry) showed practically the same upward movement as in the moister III, 
although with both there was a more rapid movement than with the 
oven-dried I; in IV, while the movement was more rapid than in I, II, 
or III, on the fifth day it practically overtook that in the moister V. 
With the other soil the rise was greatest in the air-dry form II, next in 





1 Translation. 
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the moistest (IV), then in III, nearly saturated, although least in the 
oven-dried material. It is probable that in III the initial moisture con- 
tent approached but did not equal the hygroscopic coefficient, moisture 
from the saturated atmosphere being absorbed very slowly unless the 
exposed layer of soil is very thin; further, the ratio of hygroscopic 
moisture to water content is much lower than is to be expected from the 
coefficient (1, p. 353-356). 


Tas_e II.—Rise of water (in centimeters) in two soils in different states of moistness 
showing influence of the moistness upon the rate of rise. Data of Wollny 





. . : Experiment II (calcareous sand, 
Experiment I (loam powder). pulverized). 
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Krakow (10, p. 210) determined the influence of the initial moisture 
content upon the rate of rise, using a sand in four different states of 
moistness—viz, with 0.21, 0.51, 1.18, and 2.39 per cent of water. The 
first was the air-dry sand. From our studies (1, p. 353-356) it would 
appear that we might estimate the hygroscopic coefficient of this as 
about 0.5 or 0.6, similar to the dune sand Q described in the experimental 
part of this paper. Krakow, continuing his observations for six days, 
found that after the fourth minute the rate of rise decreased with the 
moistness of the soil, the heights at the end of the sixth day being, 
respectively, 67.1, 42.4, 41.1, and 38.1 cm. The deviation of Krakow’s 
findings from Wollny’s conclusions Ramann (15, p. 334) attributes to 
increased friction due to inclosed bubbles of air. 

Briggs and Lapham (5, p. 26), experimenting with a sandy soil whose 
hygroscopic coefficient computed (6, p. 69) from the mechanical analysis 
would be 2.81, concluded that when this was very moist the capillary rise 
was over four times as great as when the soil wasdry. From experiments 
made by Mr. J. B. Stewart with three sands whose computed hydro- 
scopic coefficients (6, p. 69) would be 0.7, 0.9, and 1.5, the same authors 
concluded that— 


no constant ratio exists between the capillary limits of soils in a dry and in a moist 
condition (5, p. 27). 
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From the above studies, involving only coarse soils and giving discor- 
dant results, no definite conclusions are to be drawn as to the effect of 
the initial moistness upon the movement of water. 


NATURAL LOWER LIMIT OF MOISTURE IN THE SURFACE FOOT 


We wished the moisture content of the soils used in our experiments 
to represent the lower limits naturally occurring in the surface foot in 
regions of limited rainfall. The lierature furnishes almost no data upon 
this subject, as a mere statement of the total moisture content is practi- 
cally meaningless; it would be necessary to know the hygroscopic coef- 
ficient or the moisture equivalent, together with the total water, or the 
ratio of the last to one of the two constants. While the upper limit may 
be ascertained by sampling very soon after a heavy rain or irrigation, 
the lower limit in the field is to be found only after prolonged dry 
weather; and even in a semiarid region there may occur several succes- 
sive years when conditions of drouth are not severe enough to induce 
the desired moisture conditions. From our field studies it would ap- 
pear that in humid regions the moisture content of the whole surface 
foot is but rarely reduced to the hygroscopic coefficient, while in the 
semiarid regions this is not so unusual a phenomenon. In Tables IV 
and V we report data obtained in southwestern Nebraska in the spring 
of 1911, a time exceptionally favorable for such a field study, as the 
very dry crop season of the preceding year had been followed by a pe- 


riod of seven months—September 26 to April 25—in which the precipi- 
tation was almost negligible, the total rain and snow fall at the four 
places mentioned varying only from 0.85 to 3.45 inches (Table III). 


TABLE III.—Precipitation (in inches) at H. O. Ranch, Imperial, Wauneta, and McCook, 
Nebr., during the autumn, winter, and spring of 1910-11, a period of unusual drouth 
(Sept. 26, 1910, to Apr. 27, 1911) 





Bm, 0. 
Ranch, 
near 
Mad- 
rid. 





1910. TgII. 
September 1-25.. . 1 . . 72 || February 28 
September 26- || March 5 

October 31 6 
November 
December 


IgIr. 
January 1 
B.ccoe 



































During the last month of this dry period we took samples from the sur- 
face foot of over 50 fields in the vicinity of the four meteorological sta- 





Aug. 20, 1917 Relation of Soil Water Movement 397 











tions mentioned in the table. At a ranch near Madrid all were within 
half a mile of the rain gauge and at McCook within 4 miles; the 
other fields were between the neighboring stations, Wauneta and Im- 
perial, which are about 15 miles apart, some nearer the former and the 
others nearer the latter. In each case the samples were composites from 
10 individual samples taken not less than 10 yards apart. In most of 
the fields the surface foot was sampled only in 6-inch sections (Table IV) 
but 12 of them were sampled in 3-inch sections (Table V). The hygro- 
scopic coefficients of the samples range from 1.9 to 14. The ratio of 
water content to coefficient is in general not far from unity, the lowest 
for the foot section being 0.7. In a few cases, as with fields 51, 52, and 
53 (Table V), a light rain (Table III) had raised the ratio in the uppermost 
section; in fields 11 and 44 drifting snow, which had collected among the 
small trees during the winter, on melting had affected the moisture content. 
TABLE IV.—Ratio of the moisture content to the hygroscopic coefficient in the upper and 


lower halves of the surface foot in various fields in southwestern Nebraska in the spring 
of I9II 





Hygroscopic 


coefficient. Ratio. 





Locality. Condition. 
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Madrid...... ee =| Se 
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In eastern Nebraska we did not find such a low ratio in the first foot. 
Throughout the season of 1912 a field of bluegrass close to the Experi- 
ment Station at Lincoln was kept under close observation, the surface 
foot at frequent intervals being sampled in 1 inch sections. After two 
or three weeks of dry, hot weather the ratio would fall as low as 1.1 to 
1.3, but not lower (2, p. 59). 


TABLE V.—Ratio of moisture content to the hygroscopic coefficient in the different por- 
tions of the surface foot of vartous fields in western Nebraska in the spring of IQII 





Hygroscopic coefficient. Ratio. 








Locality. Condition. 
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CHARACTER OF THE SOILS USED 


Seventeen soils in all were used in the experiments, twelve of these being 
identical with those described in a previous paper (2, p. 32). Twelve 
were from Nebraska, two from New Mexico, one from Arizona, and two 
from the southern end of the Colorado Desert in California. Instead of 
being selected to cover the whole range in texture from clays to coarse 
sands the Nebraska soils were intended to represent some of the most 
important types in that State, while to each of those from other States 
an unusual interest attaches because of their behavior in their natural 
position in the field. 

Soils A, C, D, E, G, and H are silt loams from the loess; I, J, K, L, 
and M are residual soils from western Nebraska; and Q is a dune sand 
from a “‘blow-out”’ in the Nebraska sand-hill region. 

Soil F, from Cuervo, in northeastern New Mexico, is a residual soil 
derived from the red beds. In its natural position this soil offers such 
great resistance to the downward movement of moisture that the water 
from a heavy shower was found in small pools on the surface, while only 
12 inches below the bottom of the pools 20 hours after the shower the 
soil was still as dry as powder. Soil N is a red sand from Orogrande in 
the Tularosa Desert in southern New Mexico; and N, a fine-textured 
alluvial soil from near Douglas, Arizona, is typical of those deep soils of 
the Southwest which fail to accumulate moisture through summer fallow- 
ing. Disa subsoil from the abandoned Pope olive orchard described by 
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Mason (13, pp. 20-23), at Palm Springs, California, and P is from sand 
drifts in the Whitewater Wash adjacent to Palm Springs station. 

In Table VI are reported the total nitrogen, the organic carbon as 
determined by combustion with copper oxid in a current of oxygen after 
treatment with a phosphoric-acid solution and subsequent evaporation 
to dryness, and the organic matter, as well as the hygroscopic coefficient, 
the moisture equivalent, and the maximum water capacity as determined 
by Hilgard’s method. 


TABLE VI.—Composition and physical properties of soils used in the experiments 





| Ratio of | 

| moisture | Maxi- 

| equiva- mum 

| lent to water 
hygro- capac- 

scopic co- ity. 

efficient. 


Hygro- 
Organic | Organic | scopic 
carbon. | matter.a| coeffi- 
cient. 








Loess soil from near Lin- 
coln, Nebr.: Dis wits 
Surface D 0. 244 


» 049 | 





Loess soil from near McCook, 
Nebr.: 
PRNTOCE Ceiice ccccccess | 6 FGM 
Subsoil G . 029 
Loess soil from near Culbert- 
son, Nebr.: 
Surface Be .............1 .O79 
.o18 





“Hard land’’ from near Im- 
perial, Nebr.: 
a) ee a 
Subsoil K . O16 
“Sandy land’’ from near 
Imperial, Nebr.: 
SS Serr erc mee 7. 
Subsoil DT. ........0.....] 083 
“Hard land’’ from near 
Madrid, Nebr.: 
Subsoil J 
Dune sand from near Dun- 
ning, Nebr.: 
Subsoil Q 
Black adobe from near 
Douglas, Ariz.: 
OS) ee ee 
Red loam from Cuervo, | 








Red desert sand from Oro- 
grande, N. Mex.: 








Sand from Pope orchard, | 
Palm Springs, Cal.: 


Gray desert sand from Palm 
Springs Station, Cal.: 


Surface P (>) (5) | (0) i 8] 2.54 27.0 





@ Organic matter= Organic CX1.724. > These samples were lost before the analyses had been made. 
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DOWNWARD MOVEMENT IN SOILS DIFFERING IN INITIAL WATER 
CONTENT 


EXPERIMENTS 


There were three subexperiments, which differed from one another 
only in the initial moisture content of the soils, it being approximately 
0.5, 1.0, and 1.5 times the hygroscopic coefficient, respectively (Table 
VII). The first would represent the lower limit of moisture in exposed 
surface soils after a prolonged drouth during hot weather; the second 
would correspond to the condition found just after a very heavy crop 
had matured during warm, dry weather and so had had an opportunity 
to exhaust fully the available soil moisture; while the last would repre- 
sent that moisture content at which very shallow-rooted plants might 
be expected to begin to suffer permanent wilting—the wilting coefficient 
as defined by Briggs and Shantz (6, p. 9). 

All the soils mentioned in Table VI were used, with glass cylinders 
14.24 inches (36.2 cm.) high and 3.07 inches (7.8 cm.) in internal diam- 
eter. To bring the soil to the desired moisture content, a weighed 
quantity of air-dried material, of which the moisture content had pre- 
viously been determined, was placed upon a large sheet of oilcloth on 
the floor of the mixing room, and while the mass was being shoveled 
over, the calculated amount of water was added in small portions. 
The whole was then mixed thoroughly, first by shoveling, then by 
passing it twice through a swinging sieve of 14-inch mesh, and finally 
by again shoveling, after which it was immediately placed in a large 
covered can, allowed to stand for several days, again passed through 
the swinging sieve, returned to the can, and kept in it until transferred 
to the cylinders. 

In filling the cylinders the soil was added very slowly with constant 
tamping, care being taken to insure the firmness of that already in before 
adding more. Blows as uniform as possible were delivered by means 
of a tamper consisting of a 2-inch rubber stopper on the end of a 34-inch 
iron gas pipe 3 feet long. 

One inch of water was added to the surface of each of the cylinders. 
In order to make the initial penetration of the water more uniform, 
the cylinders were inverted in flat-bottomed metal trays, the desired 
amount of water was added and was allowed to rise into the soil by 
capillarity until all or nearly all had been absorbed, after which they 
were placed right side up and covered to prevent evaporation. 

In each of the three experiments the water was applied to all the 
cylinders at practically the same time, they having been filled and 
inverted in the trays and the measured quantity of water required for 
each placed beside it in a beaker. To facilitate the escape of the air 
expelled by the entering water, a fine wire was placed under the edge 
of the cylinder. Then the beakers were emptied into the trays as 
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quickly as possible. As soon as the water in the trays had disappeared, 
the cylinders were righted. All was absorbed by capillarity except 
that with the coarsest sands, and, in the case of these, the small volume 
of water remaining, 10 to 15 c. c., was added to the surface after the 
cylinders had been righted. Protected from evaporation and direct 
sunlight, they were allowed to stand for five days, during which time, 
at intervals of 1, 3, and 24 hours, 2, 3, 4, and 5 days, the depth of 
penetration of the water was marked on the cylinders by means of a 
fat pencil. In the first and second experiments the depth of penetra- 
tion was distinctly indicated by the change in color of the soil, but with 
the moister soils of the third experiment the exact depth of penetra- 
tion was much more difficult to recognize, a fact to which Wollny has 
called attention (17, p. 278-279); and with soils B and D it soon 
became impossible. The data are reported in Table VIII. The initial 
water content in the three experiments I, II, and III was approximately 
0.5, 1.0, 1.5 times the hygroscopic coefficient, respectively. Although 
we actually recorded the measurements of the distance of penetration 
in millimeters, the data are given in inches so as to permit a readier 
comparison with field moisture data as ordinarily reported in this 
country. 


TABLE VII.—IJnitial moisture condition of the soil in the different experiments 
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TaBLe VIII.—Moisture relations at end of increasing periods of time following an 
application of I inch of water to the surface 


SOIL A (HYGROSCOPIC COEFFICIENT = 13.3. INITIAL MOISTURE CONTENT: I, 6.6 PER CENT; II, 13.4 PER CENT; 
Ill, 20.1 PER CENT) 





Distance of penetra- 
tion of added water. 


Ratio of water content 


Water content of the of the moistened por- 
moistened portion. tion to hygroscopic 


coefficient. 





Exper- | Exper- 
iment | iment 
Il. 


Exper- 
iment 
Ill. 


iment 


Exper- | Exper- 


iment 
Il. 


Exper- | Exper- | Exper-| Exper- 
iment | iment | iment | iment 
Ill. i. Il. Ill. 





Inches. | Inches. 
2. 40 2. 60 
3+ 03 - 83 
3- 82 . 18 
4. 02 - 53 
4-02 » 70 
4-02 . 72 
4-02 + 93 








Inches. 
- 08 
- 56 
. 12 
. 66 
- 18 
+ 46 
- 66 





Per ct. 
45:5 
30.7 








SOI, B (HYGROSCOPIC COEFFICIENT = 12.9. INITIAL MOISTURE CONTENT: 


21.6 PER CENT) 














1. 85 
2.87 
4.02 
4.21 
4 41 
4-65 
4 65 


FVII PSY 





Mwoon~0 











SOIL C (HYGROSCOPIC COEFFICIENT = 10.5. INITIAL MOISTURE CONTENT: 
Ill, 15.8 PER CENT) 


I, 5.0 PER CENT; I, 11.1 PER CENT; 





5-31 
6. 50 
8. 58 
9: 33 
9. 69 
10. 00 
10. 35 


29. 
26. 
23: 
23. 
21. 
21. 
21. 





32.6 
29. § 
26.1 
25-5 
25.0 
24.7 
24-4 











INITIAL MOISTURE CONTENT: I, 4.9 PER CENT; IJ, 10.1 PER CKNT; 
Ill, 15.7 PER CENT) 





3-07 
4-17 
5+ 39 
5-82 
5-98 
6.14 
6. 30 


3. 62 
5-35 
744 
7. 83 
8. 23 
8.50 
8. 86 


39-2 
33-0 
26. 2 
24-9 
24.2 


24-2 





37-9 
30-8 
26.1 
24-9 
245 
24.2 
| 23.8 








INITIAL MOISTURE CONTENT: I, 5.0 PER CENT; II, 10.3 PER CENT; 
Ml, 15.4 PER CENT) 





3-91 
5-08 
6. 65 
7-24 
7-64 
7-99 
8. 23 


@ On account of the color of the soil, the advance of the moisture beyond this point could not be followed. 


» 04 


8 
7 
2 
5 
& 


+ 9 


29.8 
27-4 
22.7 
21.5 
21.0 
20. 8 
20.8 





31-7 
26.8 
23.2 
22.0 
21.3 
20.9 
20. 4 





32-5 
28.3 
26.0 
25.0 
24.6 
24-4 
24-2 
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TaBLE VIII.—Moisture relations at end of increasing periods of time following an 
application of 1 inch of water to the surface—Continued 


SOIL, F (HYGROSCOPIC COEFFICIENT = 10.0. INITIAL MOISTURE CONTENT: I, 4.8 PER CENT; II, 10.2 PER CENT; 
Ill, 15.2 PRR CENT) 





Ratio of water content 
Distance of penetra- | Water content of the of the moistened por- 
tion of added water. moistened portion. tion to hygroscopic 
coefficient. 





| 
Exper-| Exper-| Exper- Huper-| xper-| Exper. ay an Exper- 
iment | iment | iment | iment | iment | iment | iment | iment | iment 
Ill. L Il. Ill. I. Il. III. 








Hours. ches. | Inches. | Inches. Per ct. | Per ct. 
5-12 . 29. 2 31-4 
7-64 . 25-1 26.0 
21.2 | 2 25.2 


19-9 |... 
19. 6 























INITIAL MOISTURE CONTENT: I, 3.9 PER CENT; II, 8.0 
Ill, 12.4 PER CENT) 
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INITIAL MOISTURE CONTENT: I, 3.8 PER CENT; IJ, 7.9 PER CENT; 
Ill, 11.2 PER CENT) 








5- 20 28.4 
6. 42 26.3 
8. 78 20. 2 
9: 37 18.9 
9. 76 18. 2 
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17-7 
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INITIAL MOISTURE CONTENT: I, 2.8 PER CENT; I, 5.3 PER CENT; 
1, 8.3 PER CENT 





6. 06 22.8 22.7 21.4 
7-32 20.9 19.7 19. 2 
to. 28 16. 2 16. 1 16.0 
II. 10 15-3 15.1 15-5 
II. 53 14-9 14-7 15.2 
11. 77 14-3 14-0 15-1 
12. O1 14-0 13-4 14-9 
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2 On account of the color of the soil, the advance of the moisture beyond this point could not be followed. 
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TaBLe VIII.—Moisture relations at end of vat ge 


periods of time following an 


application of 1 inch of water to the surface—Continued 


SOIL K (HYGROSCOPIC COBFFICIENT=3.4. 


INITIAL MOISTURE CONTENT: I, 1.7 PER CENT; 0, 3.7 PER CENT 
1, 4.8 PER CENT) 





Distance of penetra- 
tion of added water. 


Water content of the 
moistened portion. 


Ratio of water content 
of the moistened por- 
tion to hygroscopic 
coefficient. 





Exper- 
iment 


Exper- 
iment 
II 





Hours. Inches. 


3-39 
3-58 
4-84 
5-35 
5-71 
5:94 
6.18 








SOIL L (HYGROSCOPIC COKFFICIENT = 3.4. 


Inches. 


3-35 
472 
6. 81 
7. 60 
8.11 
8. 50 
8. 90 





Exper- 
iment 
IIl. 


Inches. 
4-88 
6. 30 
8.34 
9. 02 
9 53 
9. 80 
10. 00 








Exper- 
iment 


Per ct. 
21. 
20. 5 
15.8 
14-5 
13-7 
13-2 
12.7 


iment 
Pe i * 


Exper- 


Exper- 
iment 
Ill. 


Exper- 
iment 
Ill. 


Exper- 
iment 
a. 


Exper- 
iment 
I 





Per ct. 
24. 
18. 
13- 
12. 
12. 
It. 
Il. 





Per ct. 
19. 
16. 
13. 
12. 
12. 
12. 
12. 











Seeosgny 
PUKASHaW 





INITIAL MOISTURK CONTENT: I, 1.6 PER CENT; J, 3.5 PER 
II, 5 PER CENT) 





4-96 
6. 50 


7. 40 
9- 49 


9-33 |@13. 78 


16.9 
15.2 
Io 
10. 4 
10.1 
10.0 


17.0 
13.8 
10. 7 





14.2 | 





INITIAL MOISTURE CONTENT: I, 1.7 PER CENT; I, 3.7 PER 
Ill, 4.9 PER CENT) 





+70 | 
+ 20 | 
. S7 | 
» 93 | 
- 16 | 


- 36 


5+ 43 
6. 73 
8.74 
9-49 
9-92 
10. 16 


18.4 
17.6 
15.2 
14.7 
14-4 
13-8 
13.8 


22.5 
17.2 
143 
13-7 
13-5 
13-1 
12.9 


17.8 
15-3 
12.9 
12.3 
12.0 
11.8 
11.7 


» $2 | 10. 35 











SOIL N (HYGROSCOPIC COKFFICIENT= 1.6. 





INITIAL MOE 


STURE CONTENT: 

















SOIL O (HYGROSCOPIC CORFFICIENT= 1.1. 


INITIAL MOISTURE CONTENT: 0.6 PER CENT) 




















a On account of the color of the soil, the advance of the moisture beyond this point could not be followed. 
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In the first and second experiments we used three cylinders of each soil 
andinthethirdtwo. Asin the previously reported experiments (2, p. 34), 
the final moisture conditions as well as the rate of movement were so 
similar in the duplicates and triplicates that only the averages are 
reported. As illustrations of the degree of concordance, data from the 
individual cylinders of three soils are reported in Table IX. 


TaBLE IX.—Data on three soils, illustrating the concordance of the data from triplicate 
cylinders 


WEIGHT OF MOIST SOI, IN CYLINDERS (IN GRAMS) 





Soil D. Soil H. 





Cylin- | Cylin- | Cylin- | Cylin- | Cylin- | Cylin- | Cylin- | Cylin- 
der II. | der III.} derI. | der II. | der III.) derI. | der IL. | der ITI. 


Experiment I... ane 2,196] 2,183] 2,254} 2,325 * . 2,750 
Experiment IT. ee 2,211 2,240} 2,240 2,650 
Experiment III 2,225 2,169 | 2,225 2,679 














TH OF PENETRATION (IN INCHES) 





Experiment I (initial moist- 
ure content=o.5 hygro- 
scopic coefficient): 


2.99 3+ 50 
4.01 4-88 
4-08 4-99 
4 28 5-12 
(a) é& 51 
0 ies : (a) a) 
Experiment II (initial moist- 
ure content=1.0 hygro- 
scopic coefficient): 
248) 3-78 
3- 82 4-96 
5-11 6. 54 
5- 63 9-21 
5. 78 7. 48 
5-98 8. 03 
- 3° 6. 10 8. 27 



































(2) No movement. 


At the end of the period of observation the soil was removed from the 
cylinders and the moisture determined. In the first and second ex- 
periments the moistened portion was divided into three equal sections, 
in each of which the moisture was separately determined. The first 
inch of dry soil, that immediately below the depth to which the change 
in color indicated that the water had penetrated, was used as the fourth 
section. In the third experiment, as the dividing line was in most cases 
indistinct, the whole soil column was divided into four equal sections, 
the fourth being that next the bottom of the cylinder. The data show- 
ing the distribution of moisture when the cylinders were opened are 
reported in Table X. 
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TABLE X.—Distribution of moisture and its relation to the hygroscopic coefficient 5 days 
after the application of I inch of water to the surface 


SOIL A (HYGROSCOPIC COEFFICIENT = 13.3. INITIAL MOISTURE CONTENT: I, 6.6 PER CENT; Il, 13.4 PER CENT} 
Ill, 20.1 PER CENT) 





Ratio of water content to 


Water content. hygroscopic coefficient. 





Section. ; : ; k 
Experi- | Experi- | Experi- | Experi- | Experi- | Experi- 
ment I. | ment II. | ment III.| ment I. | ment II. | ment III. 











Per cent. | Per cent. | Per cent.| Per cent. | Per cent.| Per cent. 
24.6 26.8 27.6 1.8 2. 2. 
23-0 24-3 26.0 1.7 I. 2. 
19.1 21.8 24-3 1.4 I. I. 


22.2 24.3 26.0 1.97 I. 1.9 


15. 21.0 8 1. 1.6 




















SOIL B (HYGROSCOPIC COEFFICIENT=12.9. INITIAL MOISTURE CONTENT: I, 6.3 PER CENT; 1, 13.0 PER CENT; 
Ill, 21.6 PER CENT) 





SOIL, C (HYGROSCOPIC CORFFICIENT= 10.5. INITIAL MOISTURE CONTENT: I, 5.0 PER CENT; II, 11.1 PER CENT; 
Ill, 15.8 PER CENT) 








SOIL, D (HYGROSCOPIC CORFFICIENT= 10.2, INITIAL MOISTURE CONTENT: I, 4.9 PER CENT; Il, 10.1 PER CENT; 
Il, 15.7 PER CENT) 





2.1 


7 1.0 


SOI, B (HYGROSCOPIC COKFFICIENT= 10.1. INITIAL MOISTURE CONTENT: I, 5.0 PKR CENT; II, 10.3 PER CENT; 
lll, 15.4 PER CENT) 





21.3 23.1 2.0 
19. 7 22.0 19 
15-7 20. 3 15 

8 


18.9 21.8 Dy +9 2.2 


6.8 17-8 7 1.0 1.8 


@ Inexperiments I and II this section consists of the r-inch layer immediately below the moistened layer, 
while in experiment III it is the lowest quarter of the soil column. 
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TABLE X.—Distribution of moisture and its relation to the hygroscopic coefficient 5 days 
after the application of I inch of water to the surface—Continued 


SOIL, F (HYGROSCOPIC COEFFICIENT= 10.0. INITIAL MOISTURE CONTENT: I, 4.8 PER CENT; Il, 10.2 PER CENT; 
Ill, 15.2 PER CENT) 





| ‘ 
Wands eaiend. Ratio of water content to 
hygroscopic coefficient. 
Section. ARE aay peared mae I 
Experi- | Experi- | Experi- | Experi- | Experi- | Experi- 
ment I. | ment II. | ment III.| ment I. | ment II. | ment III. 
| } | 





| | | | 

Per cent. | Per cent.| Per cent.| Per cent. Per cent. | Per cent. 
18.0 | 19. 6 20. 8 1.8 | 2.0 2 
16. 5 17. 20. 1 1.6 7 

I. 


I. 2. 
13-0 | 15. 19. 2 3 | I. § I. 


| 
| 
| 
| 
15.8 17-5 20.0 1.6 1.7 | 2.0 





} 
| 
} 
| 
| 


6.5 | 10. 2 18.1 6} 1.0 | 1.8 





COKRFFICIENT= 8.2. INITIAL MOISTURE CONTENT: I, 3.9 PER CENT; I, 8.0 PER CENT; 
Ill, 12.4 PER CENT) 





18.0 18. 
16.4 16. 
13-1 12. 
15-8 15. 


5-9 8. 5 





SOIL H (HYGROSCOPIC COKFFICIENT= 7.6, INITIAL MOISTURE CONTENT: I, 3.8 PER CENT; I, 7.9 PER CENT; 
Ill, 11.2 PER CENT) 





18.0 18. 5 9. % 2. 
16.6 16. 6 8. l. 2. 
13-0 13-2 I 


16. 1 ° . 2.1 24 








| 
79 | " 7 1.0 1.6 





SOIL I (HYGROSCOPIC CORFFICIENT= 7.1. INITIAL MOISTURE CONTENT: I, 3.: 7-5 PER CENT; 
Ill, 10.4 PER CENT) 














SOIL, J (HYGROSCOPIC CORFFICIENT= 5.6. INITIAL MOISTURE CONTENT: I, 5.3 PER CENT; 
Il, 8.3 PER CENT) 





14-6 o ‘ -6 | 
13-2 . , le -2/ 
10.0 .8 . 7 | 


12.6 > x 2 


| 
ied 2.0 





SOIL K (HYGROSCOPIC COKRFFICIENT= 3.4. INITIAL MOISTURE CONTENT: I, 1.7 PER CENT; Il, 3.7 PER CENT; 
Il, 4.8 PER CENT) 
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TABLE X.—Distribution of moisture, and its relation to the hygroscopic coefficient 5 days 
after the application of 1 inch of water to the surface—Continued 


SOIL I, (HYGROSCOPIC CORFFICIENT= 3.4. INITIAL MOISTURE CONTENT: I, 1.6 PER CENT; Il, 3.5 PER CENT; 


Ill, 5.0 PER CENT) 





, Ratio of water content to 
Water content. hygroscopic coefficient. 
Section. 





Experi- | Experi- | Experi- | Experi- | Experi- | Experi- 
ment I, | ment II. | ment III. ment II. | ment III, 





Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent. 

10. § 10.0 9-9 gr 2-9 2.9 
3-0 
2.9 


8.7 8.8 10. 3 2.6 2.6 
6.3 6.6 9-7 1.9 1.9 


85 & 5 10.0 2.5 2.5 2-9 




















2-3 3-5 95 | 1.0 7) 2.8 





INITIAL MOISTURE CONTENT: I, 1.7 PER CENT; ll, 3.7 PER CENT; 
Ul, 4.9 PER CENT) 





3-8 





COEFFICIENT=1.7. INITIAL MOISTURK CONTENT: I, 0.6 PER CENT) 








SOIL, O (HYGROSCOPIC COEFFICIENT=1.1. INITIAL MOISTURK CONTENT: I, 0.4 PER CENT) 











=0.9. INITIAL MOIST 
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With soil Q the water did not advance evenly, but took a zigzag 
course, first on one side and then on the other. For this reason the 
data do not satisfactorily indicate the rate of movement of the water 
during the five days, and consequently the soil is not mentioned in those 
tables dealing with the rate. 


RELATION OF APPARENT SPECIFIC GRAVITY TO MOISTNESS AND 
HYGROSCOPICITY 


The weight of the moistened soil placed in each cylinder was deter- 
mined, and from this and the capacity of the cylinders (1,730 c. c.) 
the weight of oven-dried soil and its apparent density have been cal- 
culated (Table XI). It will be seen that with any one soil the differ- 
ence from experiment to experiment was small. With all the soils 
except I the density is lowest in the moistest form, and with all except 
J it is highest in the driest. 

If we divide the soils into three groups according to texture, it will 
be seen that those in the intermediate group are intermediate also in 
apparent density, but when we compare the different members of each 
group there is no direct dependence of the relative density upon the 
hygroscopicity. 

TABLE X1.—Dry weight (in grams) of the soil contained in the different cylinders and its 
apparent specific gravity 





Weight of dry soil. Relative density. 
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Experi- Experi- Experi- Experi- Experi- | Experi- 
ment I. ment II. | ment III. ment I. mentII. | ment III, 
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2,164 | 1,950 
2,310 | 2, 341 
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2, 860 
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RELATION OF WATER RETENTIVENESS TO MAXIMUM WATER CAPACITY 


A comparison of the maximum water capacity with the moisture 
content of the moistened layer at the end of the first hour will serve to 
show how little significance this value has as an expression of moisture 
retentiveness (Table XII). Even at the end of this short period, the 
moisture content is only from one-half to two-thirds this value, except 
in the case of soil B, which in a dry state delays the penetration of the 
water. 


TABLE XII.—Relation of the maximum water capacity of the soils to their moisture content 
at the end of the first hour 





{ [ 
Water content of moistened Water content of moistened 
Maxi- layer at end of 1 hour. | Maxi- layer at end of 1 hour. 

mum |. : mum 








water | | water 4 = . 
capacity.| Experi- | Experi- | Experi- | capacity.) Experi- | Experi- | Experi- 
ment I, | ment II. ;ment III. ment I, | ment II. ment III 


| | 

.| Per cent.| Per oon Per cent. 
a5.7 | 20. ¥ 28.0 
22.8 ; 21.4 
21.8 
16.9 
18.4 
12.8 
1.7 
13.0 





| 
.| Per cent.| Per cent.| Per 
38.8 | 45.5) 37: 
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39: 37- 
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RAPIDITY OF CHANGE OF MOISTURE CONTENT IN THE MOISTENED LAYER 


It is of interest to know the average moisture content of the moistened 
layer at the end of the successive intervals. This is reported in the 
second part of Table VIII, having been computed from the weight of 
dry soil in the cylinders, the initial moisture content, the weight of the 
added water, and the depth to which this had penetrated. These data 
assume much more significance when reported as the ratio of the moisture 
content to the hygroscopic coefficient as in the third part of the same 
table. In some of the finer-textured soils at the end of the first hour 
this ratio was as low as 3.0 to 3.2, while in some equally fine it was as 
high as from 3.7 to 4.1. In the fine sandy loams it had not fallen below 
4.2 to 7.2 at the end of the hour, while in the sands it was as high as 7.5 
to 14.8. The fall in the ratio after the first hour was so rapid that at 
the end of the first day it was between 2.0 and 3.0 in the case of the 
soils with a hygroscopic coefficient above 5.5, and was between 2.9 and 
5.0 for the group of soils with a coefficient of about 3.3. In all, however, 
even in the coarsest soils, the decline was marked. During the follow- 
ing four days the decline was slight, being greatest in the sands, as 
shown in Table XIII. 
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TABLE 


E XIII.—Change in the moistened layer of the ratio of the water content to the hygro- 


scopic coefficient and the proportion of the total distance of penetration covered during 
successive intervals following the application of I inch of water to the surface of the 


soil columns 


SOIL A (HYGROSCOPIC COEFFICIENT= 13.3) 
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First hour 
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Third to twenty-fourth hour. . .| 
| 


Second day 
Third day 
Fourth day 


ES SIRE 








First to third hour 


Third to twenty-fourth hour... 


Second day 


~— 
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TaBLe XIII.—Change in the moistened layer of the ratio of the water content to the hygro- 
scopic coefficient and the proportion of the total distance of penetration covered during 
successive intervals following the application of x inch of water to the surface of the 
soil columns—Continued 


SOIL, E (HYGROSCOPIC COEFFICIENT= 10.1) 








Proportion of total distance of 
penetration covered during 
interval. 


Fall in ratio of water content 
to hygroscopic coefficient. 


Interval. 


Experi- | Experi- | Experi- | Experi- | Experi- 
ment II. | ment I.| mentI. | ment II. | ment III. 
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Third to twenty-fourth hour... ; ‘ , ; 19. 
Second day 

PU GRY ivisies cv anne awa ers 
Fourth day 
REN Sstnss avise Sardarmeiececea 











SOIL F (H 





First hour 

First to third hour 

Third to twenty-fourth hour... 
Second day 

WIE IN cechiicy seadevaaineats 








Fourth day 
PCAN piss seceuicvisceniorn a hetiennen 








First hour 

First to third hour 

Third to twenty-fourth hour... 
Second day 

oS RS eee 
Fourth day 

PR TAY bcs case cecta saree 




















First hour | 
First to third hour............| 
Third to twenty-fourth hour... 
Second day 

PEM 0555.6 visas o's v'scen X'5re 
Fourth day 

Fifth day 














Aug. 20, 1917 Relation of Soil Water Movement 413 





TABLE XIII.—Change in the moistened layer of the ratio of the water content to the hygro- 
scopie coefficient and the proportion of the total distance of penetration covered during 
successive intervals following the application of I inch of water to the surface of the 
soil colamns—Continued 


SOIL I (HYGROSCOPIC COEFFICIENT=7.1) 





| | 

Proportion of total distance of 

penetration covered during 
interval. 


Fall in ratio of water content 
to hydroscopic coefficient. 


Interval. 
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ment I. | ment II. | ment III.| mentI. | ment II. | ment III. 
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TABLE XIII.—Change in the moistened layer of the ratio of the water content to the hygro- 
scopic coefficient and the proportion of the total distance of penetration covered during 
successive intervals following the application of x inch of water to the surface of the 


sotl columns—Continued 


SOIL M (HYGROSCOPIC COEFFICIENT=3.3) 





Interval. 


Fall in ratio of water content 
to hygroscopic coefficient, 


{ 


Proportion of total distance of 
penetration covered during 
interval. 





Experi- 
ment II. 


Experi- 


ment III. 
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ment II. 
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ment I. 
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ment III. 
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RELATION OF THE RAPIDITY WITH WHICH EQUILIBRIUM IS ATTAINED TO 
THE HYGROSCOPICITY 


That at the end of the five days equilibrium had been practically 
attained in the case of the finer-textured soils, H to G, may be seen from 
Table XIV, in which the ratios in the upper layers of the moistened 
portion of the columns in this experiment are compared with that in 
similar layers of the same soils in an earlier experiment (2, p. 50) in 
which, after the addition cf water to the surface, the columns had been 
left undisturbed for much longer periods, 66 to 110 days. In the case 
of the coarser members, as the fine sandy loams K, L, and M, equilibrium 
was far from having been reached at the end of five days, the ratio being 
as much as 1.2 to 1.7 higher than when the exposure was for the longer 
period. With the coarse sands the fall is still greater (2, p. 57). The 
coarser the soil the greater will be the fall in the ratio after the fifth day. 
In the earlier experiment the soils were used in only the one degree of 
‘moistness. 


TABLE XIV.—Extent to which equilibrium had been attained by the different soils at the 
end of five days, as shown by comparing the ratios of water content to hygroscopic coeffi- 
cient in the first and second 3-inch sections in the present experiment (I) with those found 
in an earlier one (II) in which the exposure had been much longer 
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RELATION OF RATE OF PENETRATION TO THE HYGROSCOPICITY 


The distance of penetration shows surprisingly little dependence upon 
the texture as expressed by either the hygroscopic coefficient or the 
moisture equivalent (Table XV). Thus, soils E, H, and M, with coeffi- 
cients of 10.1, 7.6, and 3.3, respectively, in Experiments II and III show 
a penetration almost identical both at the end of 24 hours and at the 
end of 5 days, and in Experiment I the differences are very slight (Table 
XVI). It was to be expected that the rate of movement would vary 
inversely as the fineness of texture of the soils. The nearest approach 
to such a relation is exhibited when the soils are used in the driest form, 
and at the end of the fifth day it is more evident than during the first 
24 hours. 

TABLE XV.—Distances to which 1 inch of water had penetrated at the end of 24 hours 


and § days, respectively, showing the relation to the hygroscopic coefficient and to the 
moisture equivalent 





Distance of penetration. 





At end of 24 hours. At end of 5 days. 
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@ At the bottom of the cylinders. 


TABLE XVI.—Lack of dependence of depth of penetration upon the texture when 1 inch of 
water is applied, as illustrated by three dissimilar soils 





Depth of penetration. 





In 24 hours. In 5 days. 





Experi- | Experi- | Experi- i- | Experi- | Experi- 
ment II, |/ment III. - | ment II. ment III. 
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RELATION OF RATE OF PENETRATION TO INITIAL MOISTNESS 


The influence of the initial moisture content upon the rate of penetra- 
tion of the water may be seen from Table VIII. In the case of all the 


soils at the end of the first 
hour the water had pene- 
trated farthest in the moist- 
est form of the soil, and, ex- 
cept with soils K and M, the 
shortest distance in the driest 
form; in soil K the penetra- 
tion was practically the same 
in the driest as in the inter- 
mediate condition, while with 
M it was least when in the 
latter moisture condition. 

At the end of the third 
hour and each subsequent in- 
terval in the case of every 
soil, including K and M, the 
penetration was greatest 
with the soil in the most moist 
form and least with that in 
the driest. 

However, in most of the 
cylinders equilibrium had 
not yet set in at the end of 
the fifth day after the addi- 
tion of the water. Where 
the driest forms (Experi- 
ment I) were used, apprecia- 
ble movement appeared to 
have ceased with the finest 
textured soils at the end of 
the third or fourth day, but 
this was not the case with 
the moister forms. This 
lack of dependence of the dis- 
tance of movement upon the 
hygroscopicity holds even 
after long periods, as may be 
seen from the data on soils 














INCHES 








INCHES 





8 





Ss 


INCHES 











LEGEND 
Halt the hygroscopic coefficient 
ft + ° . 
One and onehelthimes + + 


Fic. 1,—Graphs showing the penetration of 1 inch of waterin 
soils A, D, H, and M, each in three moisture conditions— 
viz, with a moisture content of o.s, 1.0,and 1.5 times the hy- 
groscopic coefficient. 


A, B, L, and M in the earlier experiments (2, p. 49). 

The rate of downward movement in soils A, D, H, and M is shown 
graphically in figure 1. ‘These well illustrate the movement in all those 
soils with hygroscopic coefficients above 3.0. With each there was at 
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first a very rapid rise, after which the movement rapidly slackened 
until it became almost or quite imperceptible; the higher the initial 
moisture content the more gradual was the transition from the rapid to 
the slow movement. The early rapid movement might be regarded as 
being due chiefly to gravity and the later slow movement entirely to 
capillarity. 


RELATION OF WATER CONTENT OF MOISTENED LAYER TO INITIAL MOISTNESS 


Table VIII shows that the initial moisture content has no distinct 
effect upon the moisture content at the end of the first hour, the maximum 
being shown by three of the soils when driest and by four of them when 
in the moistest condition. Even at the end of the third hour, there is 
no regularity to be observed except with the coarser members of the 
series, J to M, in which the moisture content varies inversely as the 
initial moisture content, the higher rate of penetration in the moister 
forms being more than sufficient to compensate for the differences in 
the initial moisture content. After 24 hours the same is to be observed. 
At the end of the five days the differences with these coarser members 
are of the same character but much smaller, while the finer-textured soils 
show the highest moisture content in those cylinders filled with the 
moistest form of the soils. 


RELATION OF LOSS OF MOISTURE DURING DRY WEATHER FOLLOWING A 
RAIN TO THE HYGROSCOPICITY OF THE SOIL AND ITS MOISTNESS BEFORE 
THE RAIN 


From the above it would appear that the character of the weather 
immediately following a rain would determine the loss of moisture 
from the surface soil much more in the case of a sandy soil than in one 
of finer texture. In the coarser soils, on account of the tardiness with 
which equilibrium is reached in the immediate surface layer and the 
greater possible distance of penetration, a period of low evaporation 
(of low temperature, cloudy skies, high atmospheric humidity, slight 
wind movement) following a rain of an inch or less will be more mark- 
edly beneficial, provided that a period of high evaporation is to occur 
before the next rain, and that in the interval there are no plants present 
to make use of the moisture of the surface soil. 

Under similar assumed subsequent weather conditions the ultimate 
effect of a lower initial moistness of the surface layers will be a greater 
loss of water through direct evaporation on account of the lesser depth 
of penetration and the equal or even higher water content in the imme- 
diate surface layers. 
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UPWARD MOVEMENT IN SOILS DIFFERING IN INITIAL MOISTURE 
CONTENT! 


EXPERIMENTS 


The same soils were employed as in the experiments described above, 
using parts of the same three preparations of each, carrying approxi- 
mately 0.5, 1.0, and 1.5 times the hygroscopic coefficient, placed in 
glass tubes of an inside diameter of 3.0 cm. and 160 cm. long. The 
glass was of poor quality, and many of the tubes cracked during the 
experiments, thus with some interrupting the observations and with 
others preventing any being made. 

In the first and second experiments, those in which the soil moisture 
was 0.5 and 1.0 times the hygroscopic coefficient, because of the diffi- 
culty of satisfactorily tamping the soil into so narrow a tube, the tubes 
were filled by jarring. In filling a tube the end, covered by fine copper 
gauze, was first rested upon a large rubber stopper on the cement floor. 
It was held in position by one operator, who raised it about 6 inches 
above the stopper and brought it down upon this in a succession of 
smart blows, while another operator added the soil in a slow stream 
through a funnel. As the soils in the third experiment were too moist 
to permit the tubes to be conveniently filled in this manner, the tubes 
were connected with a metal funnel of the same diameter as the tube 
by means of rubber hose, and a small tamper, consisting of a one-hole 
rubber stopper on a wooden rod, was operated through the funnel and 
kept in constant motion, striking sharp, uniform blows while a slow 
stream of soil was added. 

After all the tubes had been filled, they were placed upright in a 
rack, the lower end of each dipping into a metal trough and resting 
on a strip of 0.25-inch mesh wire screen, the object of which was to 
facilitate both the entrance of water and the escape of air. Throughout 
the experiments the water in the trough was maintained at a depth of 
1.5 inches. In the first two the tubes were allowed to remain in con- 
tact with the water for 10 days, and in the third 8. The height of rise 
was observed at the end of 1, 2, 3, 4, and 24 hour intervals during the 
first day, and after that at the end of each 24-hour period (Table XIX). 
The readings actually made were to 1 mm. but to facilitate comparison 
they are reported only in even centimeters, the difference being negli- 
gible in comparison with the differences between duplicates. 


INFLUENCE UPON THE RISE OF METHOD OF COMPACTING SOIL, 


On comparing the results obtained in the second experiment with 
those in the third, we suspected that there might have been some dis- 
turbing factor introduced by the different methods employed in filling 
the tubes. As a supply of two of the moistened soils, D and H, surface 





1 Mr. Jouette C. Russell assisted in this part ot the work. 
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soil and subsoil, respectively, had been saved from the previous experi- 
ments and kept in tightly sealed jars and so were in the same moisture 
conditions as when previously employed, we filled two tubes with each, 
one by jarring and the other by tamping as above described. These six 
pairs of tubes we allowed to remain in contact with the water for 10 
days, as in Experiments I and II, the rate of rise being observed as 
before and reported in Table XVII in the column headed “‘ Later experi- 
ment.” 


TABLE XVII.—Concordance of data as affected by method of filling tubes and by paral- 
lelism of experiments 


SOI, H (HYGROSCOPIC COKFFICIENT= 7.6) 





Experiment I. __ Experiment II. _ Experiment III. 
(Moisture content=o.s5 hygro- | (Moisture content= i.o hygro- (Moisture content= 1.5 hygro- 
scopic coefficient.) scopic coefficient. scopic coefficient. 





From Table | Later experi- | From Table | Later experi- From Table Later experi- 
XVIII. XVIII. XVIII. 


Time. ment. ment. ment, 





| Tube | Tube | Tube} Tube | Tube| Tube} Tube| Tube | Tube | Tube | Tube | Tube 
I, I, 2, I, 2, I, I, 2, I, 2, 
ico .| jarred.) tamped. |jarred. |jarred. | jarred. tamped. .| tamped.| jarred. 





Cm. . | Cm. , Cm. | Cm. | Cm. . . " Cm, Cm, 
18 18 17 19 19 a1 
25 5 24 k k 3r 
30 31 8 : 38 
34 | 32 37 | 42 
72 | 79 
95 . . 






























































@ The soil column broke at end of third hour. b Tube cracked. 


With the soils in the driest condition no influence of the tamping versus 
the jarring is shown, while in the moistest both showed a slower rise 
during the first 24 hours when tamped, but the one a somewhat more 
rapid rise during the following nine days, the tube with the other breaking 
before the end of the second day. In the intermediate condition both 
soils at first showed the more rapid rise in,the tube filled by jarring, but 
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here also the movement in the other tube later became as rapid. The 
table includes the data on these two soils, later averaged in Table XVIII 
to show the influence of parallelism of experiment. The concordance of 
the data on the rise in a soil appears to depend more upon the exposure 
of the two tubes at the same time than upon the compacting of the soil in 
the same manner. In general the divergence was greatest when the soils 
were used in the most moist condition. However, on the whole, the data 
would appear to justify the comparison of the data from the third experi- 
ment with those from the first and second. 
TABLE XVIII.—Rise in tubes of soil with the lower end immersed in water kept at a 
constant level. In the three experiments, I, II, and III, the initial motsture content of 
the soil mass was, respectively, 0.5, 1.0, and 1.5 times the hygroscopic coefficient. The 


data are arranged so as to show the relation of the rate of rise to the initial moisture 
content 





Soil A. 





a , 
Experi-| Experi- Experi- 
ment | ment ment 
Il. Ill. 





Flours. 
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TABLE XVIII.—Rise in tubes of soil with the lower end immersed in water kept at a 
constant level, etc.—Continued. 


Soil J. Soil K. Soil L. Soil M. 


7A Same Exper-| Exper-| Exper-| Exper-| Exper-| Exper- Exper- 
iment | iment | iment | iment | iment | iment | iment | iment iment 
Il. Ill. 1. Il. Ill. I. Il. . II. 











Cm, | Cm, a . | Cm, . . | Cm. 
iu... t 31 K 34 

27 q 4° s 41 

32 | 46 

35 | : 5 50 

62 ‘ q1 

73 78 

79 | 82 

84 85 

87 
89 
90 
gt 
92 
93 



































The data in Table XVII in the columns headed ‘‘From Table XVIII” 
serve to illustrate the concordance of data from the duplicates, the 
averages only of which are reported in Table XVIII. Only with soils 
D, F, G, and J in Experiment I and with soils F, G, and H in Experi- 
ment II does the divergence approach in magnitude that shown in Table 
XVII by D in the driest condition. 


RELATION OF RISE TO HYGROSCOPICITY 


In Table XIX the data are rearranged to show what relation the 
rapidity and distance of rise bear to the hygroscopicity in each of the 
three moisture conditions. At first the coarser soils showed the most 
rapid rise, but the difference gradually lessened until those of inter- 
mediate hygroscopicity led. After the first three or four days the two 
subsoils G and H, with coefficients of 8.2 and 7.6, respectively, showed 
the most rapid rise in all three moisture conditions. Closely following 
these was the subsoil K, with a coefficient of 3.4, while L, with a coeffi- 
cient also of 3.4, was still farther behind. This difference among the 
three soils, alike in hygroscopicity, was shown in all three moisture 
conditions. Soils A, J and K, differing widely in hygroscopicity, 13.3, 
5.6, and 3.4, respectively, were much alike at the end of 10 days in 
Experiments I and II, but differed much in Experiment III. In soil B, 
and to a less extent in D, with coefficients of 12.9 and 10.2, respectively, 
the rise was very slow in all three experiments. There thus appears no 
definite dependence of the rate of rise upon the hygroscopicity (fig. 2). 
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Fic. 2.—Graphs showing the rise of water in soils A, D, H, and M, each in three moisture conditions, viz., 
with a moisture content of o.5, 1.0, and 1.5 times the hygroscopic coefficient. 
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TABLE XIX.—Data from Table XVIII rearranged to show relation of rate of rise to the 
hygroscopicity of the sotls 


EXPERIMENT I (MOISTURE CONTENT= 0.5 HYGROSCOPIC COEFFICIENT) 





E G|H i\lx 


| 


. | Cm. " .| Cm. .| Cm. | Cm. 
12 18 18 | 33 
17 25 24 | 42 
ar 30 28 48 
23 34 3t $2 
53 72 5 82 
69 94 90 
79 R 107 93 
86 § 118 96 
92 127 97 
97 Tos | 134 99 
11r | 139 100 
116 | 144 101 
; 109 I2r | 148 103 
64 125 | 151 103 
| I 





















































EXPERIMENT II (MOISTURE CONTENT= 1.0 HYGROSCOPIC COEFFICIENT) 





18 18| 18 18 18 
24 24 23 25 24 
28 28 27 27 
3t 31 | 29 () 
st 54 7 45 
65 51 
71 
77\| 5 58 
81 60 
83 61 
86 105 62 
89 63 
91 113 64 
93 117 64 















































19 18] 20 16 
25 23 26 21 
30 32 25 
34 36 28 
65 73 48 
80 95 
or 109 
99 120 
104 128 
108 135 
112 140 102 
116 145 : 103 















































@ No record. + The color of the soil prevented any observation of a further rise. 
RELATION OF RISE TO INITIAL MOISTNESS 


In general, the movement throughout the period of observation was 
most rapid in the soils when in the moistest condition. To this generali- 
zation soils A, C, and I form partial exceptions, and with all of these the 
duplicates were very closely concordant; with C and I the rise was least 
in the intermediate and greatest in the driest condition. With the 
soils other than these three we find, on comparing the data from Experi- 
ment II with those from Experiment I, that with the exception of soil E 
the movement was more rapid in the drier condition. There thus 
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appears to be no definite dependence of the rise upon the initial moistness 
of the soils (fig. 2). 


DISTRIBUTION OF MOISTURE IN THE COLUMNS 


The moisture content of the upper 2-inch section of the moistened 
portion of the soil column, the height of which is shownin Table XVIII, 
is reported in Table XX. 

_ The eight finest textured soils showed the highest percentage of moisture 
at the head of the advancing moist layer when used in the driest condition. 
The coarser textured members, K, L, and M, showed no regularity. 

In the soils other than the sands, N, O, P, and Q, the moisture con- 
dition of this moist layer shows a close relation to the moisture retentive- 
ness (2). From this we may conclude that the advancing moist layer 
in such soils carries a moisture content approximately equal to the mois- 
ture equivalent, or from 1.7 to 2.5 times the hygroscopic coefficient. 
TABLE XX.—Moisture content of the uppermost 2-inch section of the moistened portion 


of the soil column after the base of the column had been in contact with water for 8 to 10 
days 





ae : , ‘ 
Ratio of moisture | Ratio of moisture 
Total water. content to hygro- | content to mois- 
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Hygro-| Mois- | scopic coefficient. | ture equivalent. 

scopic | ture 
be iv- | 

cpett- | equiv-| ex. | ex: | gx-| ex-| Bx: | Bx-| Bx: | Bx | Ex: 
of ‘ peri- | peri- | peri- | peri- | peri- | peri- | peri- 

ment} ment/ment| ment} ment/ ment | ment 
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RELATION OF PENETRATION TO CAPILLARY RISE 


When the soils are arranged in the order of the distance of penetration 
or of the rate at the end of any interval and also of the distance and 
rate of capillary rise, the relative positions of the various soils show no 
similarity. This is well illustrated by the curves for soils H and M in 
figures 1 and 2. In these two soils the downward movement was very 
similar (Table XVI), while in capillary rise they showed little similarity. 
The same lack of similarity was shown by the data of Von Liebenberg 
obtained from investigations with dry soils (11, tables 3 and 15). 
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INFLUENCE OF ORGANIC MATTER CONTENT 


In the case of the four pairs of soils D-A, C-G, E-H, and M-L, (Table 
VI), the surface soil and the subsoil are of similar origin and of at least 
somewhat similar hygroscopicity, while the organic matter in the former 
is from three to eight times as high asin the latter. The rate and distance 
of penetration showed no distinct dependence upon the relative amounts 
of organic matter, but with the capillary rise the rate after the first day 
and the final height attained were, in the case of each of the four pairs, 
greater in the case of the surface soil in all three moisture conditions. 


SUMMARY 


The relation of the rate and distance of the downward movement of 
water in a soil to its texture has, up to the present, received very little 
attention. Many investigators have studied the influence of the texture 
upon the rate and distance of the upward movement from a water sur- 
face, but in nearly all cases the soils have been used in an air-dry state, 
a condition very rarely met with in nature at any considerable distance 
below the surface; these studies have led to the conclusion that the finer 
the texture the slower is the rise at first, but the greater the final distance 
reached before movement ceases. Data showing the relation of rate and 
distance of rise to the actually determined hygroscopicity appear entirely 
wanting. ‘The influence of the initial moistness upon the rate and dis- 
tance of rise has been studied with only soils of low hygroscopicity, and 
even with these the results obtained by the different investigators are 
too discordant to justify definite conclusions. 

Under natural conditions in the humid region the moisture content of 
the surface foot of soil rarely is as low as the hygroscopic coefficient, and 
in semiarid regions it seldom falls below this value. 

Seventeen soils, ranging from a coarse sand with a hygroscopic coeffi- 
cient of 0.6 to a silt loam with one of 13.3, were placed in cylinders in 
three different degrees of moistness, 0.5, 1.0, and 1.5 times the hygro- 
scopic coefficient, 1 inch of water was applied to the surface, the rate of 
movement during five days observed, and finally the moisture distri- 
bution at the end of this period determined. 

When placed in the cylinders the finer-textured soils showed a lower 
apparent specific gravity than the coarser, but within groups of some- 
what similar texture this value was found to show no direct dependence 
upon the hygroscopicity. 

The moisture content of the moistened layer, even at the end of the 
first hour, was only from one-half to two-thirds the maximum water 
capacity, which shows that the latter has little significance as a direct 
index of the moisture retentiveness of a soil. 

The moisture content of the moistened layer fell much more rapidly 
with the finer-textured soils, at the end of 24 hours it being only between 
2 and 3 times the hygroscopic coefficient, while in the coarser soils it 
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varied from 3 to 10 times the coefficient. At the end of the five days 
equilibrium had been practically attained in the finer-textured soils, but 
in the coarser ones this was far from being the case. The coarser the 
soil the more slowly was equilibrium reached. 

The rate of penetration showed little dependence upon the hygro- 
scopicity, but was definitely affected by the moistness, the higher the ini- 
tial moisture content of any soil within the limits employed the more 
rapid being the downward movement of water. 

The distance of penetration during the five days following the applica- 
tion of water increased with the initial moistness of the soil, but was not 
closely related to the hygroscopicity, owing partly to the slowness with 
which equilibrium is attained in the coarser soils. 

With the finer-textured soils the water content of the moistened layer 
was not distinctly affected by the initial moistness, but with the coarser 
members the drier the soil the wetter was the moistened layer. 

Provided that a period of high evaporation is to precede the next rain, 
the character of the weather immediately following a rain will have a 
greater effect upon the loss of moisture by evaporation in the case of a 
coarse than of a fine-textured soil. 

Glass tubes were filled with the same soils in the same three degrees of 
moistness and the lower ends placed in contact with water kept at a 
constant level. The rate of rise during 8 or 10 days was observed and 
the moisture in the uppermost layer of the moistened portion of the soil 
column at the end of this period determined. 

At first the rise was most rapid in the soils of low hygroscopicity, but 
the difference gradually lessened until those of intermediate hygro- 
scopicity were in the lead. There was no definite dependence of the rise 
upon the hygroscopicity. 

No definite dependence of the rate of rise upon the initial moistness 
was shown, it being, in the case of the three moisture conditions studied, 
generally most rapid in the moistest condition and slowest in the inter- 
mediate. 

All the finer-textured soils showed the highest percentage of moisture 
at the head of the advancing moist layer when used in the driest condi- 
tion, but the coarser members showed no difference. The moisture con- 
tent of this moist layer shows a rather constant relation to both the hygro- 
scopic coefficient and the moisture equivalent, being similar to the 
moisture retentiveness of the same soils. 

The relative rates and distances of penetration in the different soils 
are not similar to the relative rates and heights of capillary rise. 
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